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1.0 QUALITY ASSURANCE OBJECTIVES

QA objectives provide a set of recognized parameters to monitor and to quantify performance of an
andyticad measurement. This document provides specific criteriafor QA objectives to ensure that
laboratories engaged in compliance activities supporting the RL maintain a uniform standard of
performance.

11 DATA QUALITY OBJECTIVES

The primary responghility for identifying data quality requirements lies with the client or datauser. The
client or data user is dso respongble for communicating thisinformation to the organization or aff
respongble for performing the work. The communication process should be such that it dlows the
laboratory to understand and successfully meet client data qudity requirements and comply with appli-
cable regulations, basic information about the nature of the sample(s) and the use of the data should be
discussed and agreed upon by the laboratory and the client before sample collection. Thisinformation
should be provided through aforma DQO process (see Appendix A). In the absence of a documented
DQO process, as a minimum, the laboratory and the client shall agree upon the required precision,
accuracy, and sengtivity (eg., IDL, MDL, MDC). Also, the following sample-specific criteriashould
be provided or agreed upon and documented before the |aboratory begins work:

0O  Applicable regulatory requirements such as chain-of-custody, holding times, and QC
specifications

0 Process knowledge, sample source, and sample conditions known to the client that
could impact the laboratory worker's safety

0 Handling of radioactive samplesin the transport process and in the laboratory
O Estimated number and matrix of samples

0 Sample handling relative to a specific sample or matrix

0 Procedures and andyte lists for sample andysis -- the andyte list should aso specify
whether or not tentatively identified compounds are required
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0 QC sample frequency, type, and acceptance criteria

O Expected dates of sample receipt, sample preservation, delivery methods, storage and
container types and volumes, and holding times by method

0 Format, content of sample analysis reports, and format of eectronic data ddiverables if
requested

0 Turnaround time (from date of sample receipt to date of data delivery) in the laboratory

O Name, address, telephone number of client, and laboratory contacts responsible for the
project, and information to establish eectronic datatrandfer (e.g., type of software, file
format)

O Methods for reporting, resolving, and documenting anomalies and nonconformances
from sample receipt to find reporting to the dient -- for example, either stop work or
revison to the origina work requests could be used for nor conforming samples upon
their submittd to the [aboratory

0 Return of samples and disposition of waste.
The laboratory shdl have a system to notify and explain to dl saff performing work for the client any
unique requirements. Unique requirements are those that differ from the procedures described in this
document and in the laboratory procedures.

The laboratory shdl natify the client when situations, such as anomalies and nonconformances, occur.

Thelaboratory shal have a process for documenting resolution of client complaints or issues. The
process shdl include documenting the complaint or the issue, the client contact, and the date the contact
was made. All subsequent information that resolves the complaint or issue shdl be maintained by the
laboratory. The laboratory shal track the complaint or the issue from receipt to resolution.

1.2 CLIENT DATA QUALITY REQUIREM ENTS
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Five parameters are often used by the client to define project data quality requirements. These are
precision, accuracy, completeness, comparability, and representativeness. Of these, the precision,
accuracy, and representativeness have direct impacts on data quality (see Section 6.0 for limitations
associated with precison and accuracy). The client is responsible for ensuring that adequate sample
materid is avalable and that appropriate sampling techniques are administered to meet their DQOs.
The laboratory is responsible for usng proper protective sample handling protocols. The laboratory
and the client share respongihility for selecting appropriate sample preparation and andytica technique.
The precision and accuracy requirements shal be agreed on by the |aboratory and the client and should
be based on the error tolerances of both the sampling and the andytical effort.

1.2.1 Precision

Precision represents a measure of the degree of reproducibility of measurements under prescribed
amilar conditions. Sample precision is caculated on the basis of duplicate analyses. Acceptance
criteriashall be established for each analyte and each analyte method and shall be agreed upon by the
laboratory and the client.

1.2.2 Accuracy

Accuracy represents the degree to which a measurement agrees with an accepted reference or true
vaue. Sample accuracy is expressed as the percent recovery of a spiked sample. Acceptance criteria
shdl be established for each andyte and each anayte method and shdl be agreed upon by the [abora
tory and the client.

1.2.3 Compar ability

Comparability is the confidence with which one data set can be compared to another. For each analyte,
comparable precision and accuracy depend on the method and sample matrix. To be comparable,
gmilar precison, accuracy, and detection limits shal be achieved on samples with Smilar matrices using
smilar methods. Factors such as anaytica method sdected, detection limits or uncertainty, precison,
accuracy, and matrix effects should be consdered when data are to be compared between multiple
laboratories. Furthermore, a split sample or a known standard shall be used for comparaility of
different methods.

1.2.4 Completeness
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Completenessis a measure of the amount of usable and/or vaid data obtained from a measurement
system compared to the total amount of data requested. Completeness can be used to evaluate the
amount of data produced that meets the client's requirements (e.g., accuracy, precison). In some
cases, datamay not meet dl the requirements but may till be used for quditative information as an
indicator of the presence or absence of a parameter. A clear definition of completeness based on the
types of qudification alowed should be agreed on by the laboratory and the client. Developing a
requirement for critical samplesthat differ from other samples may aso be useful.

1.2.5 Representativeness

Representativenessis the degree to which data accurately and precisely represent a characteristic of a
population, a parameter variation at a sampling point, a process condition, or an environmentd
condition. Representativeness of a population or an environmenta condition depends heavily on
sampling and is addressed in other documents (which are not in the scope of this document). Andytica
data should not be taken as the sole indicator of representativeness of the sample process condition.
The methods should be assessed after accumulation of sufficient data to represent the same population.

The laboratory is responsible for handling and preparing the sample properly to maintain repre-
sentativeness of the sample. Representativeness may be obtained by proper homogenization or sub-
sampling. If different phases are apparently visble in the sample, the laboratory should consult with the
client to determine subsampling and homogeni zation needs.

If subsampling is needed, the data quaity requirements should be re-evauated to determine if
subsampling impacts the ability to meet representativeness requirements and if a different methodology is
required for preparation and andyss. Both the laboratory and the client should recognize that
representativeness of the sample may be impacted by difficulty in, or inability to, achieve homogenaity.
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2.0 SYSTEMSQUALITY ASSURANCE

A number of systems exist within alaboratory. These systems need to function properly to produce and
document the high levd of qudity needed in the find product. These systems are the software systems,
adminidrative systems, technical systems, and physica facilities sysems. Adminidirative controls shall
be established for each system.

Technicd sysems and physicd facilities are discussed in this section. Software systems are discussed in
Volume 1, Section 7.0.

2.1 TECHNICAL SYSTEMS

Technical systems assure that the techniques used are applicable and properly applied. These systems
include sample exchanges, standards programs, control of standards and reagents, data reduction and
reporting, data verification and validation, and technical audits. Procedures for documenting the above
systems shdll be established.

22 PHYSICAL FACILITIESSYSTEMS

Proper facility design and maintenance can help aleviate problems associated with data generation. The
following issues, a aminimum, should be addressed:

0 Ventilation, with air exchange rates, and pressure differentia between work area,
suitable working environment (e.g., lighting, temperature control), stable power sources
and radio frequency shidding.

0 Adequate space for laboratory functions so thet |aboratory activities do not adversely
affect analyses.

O Specidized equipment, such as an acid hood or glovebox, where required.

0 Water purification (see Section 6.1.1).

O Preventive maintenance schedules for equipment (see Volume 1, Section 9.0).

0 Proper maintenance to prevent contaminating vacuum systems.

O Adequate storage with temperature control and temperature monitoring to provide for
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security of samples and to prevent contamination, degradation or misidentification of
samples.

0 Adeguate storage areas for reagents, solvents, standards, and reference materiasto
prevent cross contamination or degradation.

0 Adequate facilities for collection, storage, and disposition of sample wastes (with
facilities operated to minimize environmenta contamination).

0 Waste management facilities to comply with applicable federd, Sate, and locdl
regulations.
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3.0 SAMPLE CUSTODY AND HANDLING

This section identifies requirements for chain-of-custody to be maintained between the sample collection
and the |aboratory receiving area, and specifies requirements for internd custody in the laboratory.
Internal custody refers to maintaining custody as the sample is removed from storage and dispersed
within the laboratory for anadlysis. Internd custody is maintained until find digpostion or return of the
sampleto the dient. The scope of this document is limited to the custody requirements beginning with
laboratory sample receipt.

3.1 CHAIN-OF-CUSTODY DEFINITION

The purpose of the chain-of-custody is to document sample possession and to demonstrate that the
sample was maintained in a controlled and undtered Sate. This demongtration supports the interpreta:
tion of the sample results and may be required in legd proceedings, aswdl asfor a number of other
purposes.

Custody in the laboratory is defined as secured to prevent tampering and may be accomplished by
having the sample be in one of the following Stuaions. 1) in actud physicd possession, 2) in view of the
sample custodian after being in physical possession, 3) in alocked area, or 4) in adesignated secured
area (accessible only to authorized personnel).

3.2 HOLDING TIMES

Many analytes regulated under environmental statutes (e.g., the CERCLA, and the Clean Water Act)
require adherence to holding time requirements. Regulatory holding time begins at sample collection.
Some regulatory holding times include collection through find andys's; others segregate the time
between collection through preparation, and preparation through andyss. The EPA has set maximum
holding times for most andytes regulated under the RCRA (EPA, SW-846). The agueous holding time
requirements are consstent with those in the Clean Water Act in 40 CFR 136.

The laboratory and the client shall agree upon the necessity of applying regulatory holding times before
sample collection. The client shdl be responsible for the timely ddlivery of samplesto the laboratory
enabling the laboratory to meet holding time requirements. If the laboratory is unable, for any reason, to
meset prescribed holding times, the |aboratory shal notify the client in writing as soon as possible.

3.3 SAMPLE RECEIVING

The laboratory shall have a procedure, or series of procedures which address samplereceipt. The
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following actions shal be addressed in the laboratory procedure(s):

O

Document transferring samples to the laboratory by a common carrier. A copy of the
shipping document shall become part of the permanent |aboratory record.

Verify that the outermost sample container(s) is not damaged.
Veify that the outermost sample sed(9) isintact, if present.
Assure that radiation control procedures are followed for receipt, when applicable.
Veify that the chain-of-custody documentation, if received from the carrier, is accurate,
complete, and legible; the documentation should include descriptions of any deficiencies
identified by previous custodians as well as the following information:

- Client name.

- Project name or number.

- Client sample number.

- Date and time of sampling for each sample.

- Container types, and sizes and number of containers.

- Short description of sample, including matrix and designation as sample or QC.

- Analyses requested (or areference to the analyses).

- Preservation (materia used, or "none’,or "N/A" if not applicable).

- Date and time of relinquish and receaipt.

- Signatures of those persons rdinquishing and receiving.

Verify the temperature of the cooler when it is received where specified by the
procedures or protocols, and note any deviations.

Verify that the collection date and date of |aboratory receipt are within method- or
project-specific holding time requirements.
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O Notify |aboratory staff as soon as possible when the sample holding time is less than 48
hours.

0 Veify that the dient's sample numbers on the chain-of- custody match those on the
sample containers.

- Evauate the condition of sample containers.

- Note anomalies either on the custody form or on nonconformance
documentation.

When specified in dient agreements, the [aboratory shdl provide for notice, within 24 hours, of samples
received. Notice may be by telephone, facsmile, or eectronic mail.

Laboratory procedure(s) shal provide for timely notification to the client of any nonconformance which
will impact the laboratory's ability to meet agreed upon data quality requirements before proceeding
with further work, by telephone, facsmile, or ectronic mail. The laboratory shal maintain the
documentation supporting such natifications, which may include copies of the telephone logs, facamiles,
or eectronic mail. Nonconformance natification and client responses shal be documented, tracked
through closure, and kept on file in the laboratory.

In the event that prompt client response (within two business days) is not received to a notification of
nonconformance, the laboratory can proceed at its discretion to analyze the samples. All actions and
decisons must be documented in the project file, and include a summary of the nonconformances and
corrective actions in the narrative accompanying the final report.

When sample receipt is completed and samples are accepted for andysis, the laboratory shdl initiate
internd chain-of-custody in accordance with Section 3.5 and begin anayticd activities.

3.4 SAMPLE LOG-IN AND TRACKING

Upon receipt of samplesin the laboratory, the following shall be completed as part of the sample log-in
and tracking process, and shall be addressed in appropriate laboratory procedures.

0 Having accepted the samples, the laboratory shall maintain custody of the samples
during the laboratory log-in and sample distribution processes. The samples shall be
secured in a designated refrigerated or other storage location as appropriate for the
sample container and materia type.

0 The laboratory shdl ensure that the records documenting possession and transfer are
properly completed and placed in the laboratory records system.

Val. 4: 3-3
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0 The laboratory shdl maintain a cross-reference to correlate the laboratory's sample
identification to the dlient's sample identification.

O Each sample or subsample shdl be given aunique identifier regardiess of itsresample
datus. Every sample, sample replicate, subsample, and sample extract shdl be labeled
in amanner that alows tracesbility to the parent sample number.

O Information related to storage, preservation, holding time, and requested andysis shall
match work-authorizing document (e.g., tank characterization plan).

0 Any safety hazards communicated by the client shal be documented and communicated
to the laboratory staff.

0 A declaration of the radiation level shal accompany those samples that contain
radioactive materias.

0 A sysem shdl bein place to dlow tracking of samples and holding times. The system
shdl dlow the laboratory to assessif holding times shdl be met or exceeded, and to
as=ss the number of samples available for andyss.

3.5 LABORATORY INTERNAL CHAIN-OF-CUSTODY

The laboratory approach taken to address internal chain-of-custody of samples shal be documented
and implemented through gpproved interna procedures. Once samples arein the laboratory, sample
custody shall be controlled. The location of al samples and the person in control of the samples shall be
traceable from the time samples are recelved at the laboratory until final dispogtion. Tracesbility within
the laboratory may be eectronic, based on personnel bar codes, passwords, or other secure
techniques.

In alaboratory restricted to authorized personne only, the entire laboratory is considered a secured
area, provided the laboratory has developed and implemented procedures that addresses laboratory
Security.

Shipping records shdl be maintained. If a chain-of-custody failure is detected, the client shall be
contacted for resolution.

Val. 4: 34
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3.6 SAMPLE DISPOSITION
The sample digposition procedure shal include the following:

O return of samplesto the client or digpositioning through other laboratory waste
management systems.

0 maintenance of records that identify the date and method of sample digposition.
0 provisonsto ensure dl federd, state, and local disposd regulations have been met.

0 provisons for sample archiving.

Val. 4: 35
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4.0 CALIBRATION

This section describes cdlibration and/or activities associated with cdlibration requirements for
laboratory measurement systems and specifications for standards that are used for calibration. The
performance of the laboratory measurement system, in generd, is controlled through calibration and
monitored by continuing verification of cdibration.

Chemicd measurements are made using a system that includes sample handling and measurement
processes. All aspects of the measurement process should be calibrated. Ancillary dataon such
meatters as temperature, pressure, humidity, particle size, volumetric capacity, mass, and flow rate may
be needed as wdll, requiring accurately cdibrated instrumentation for their measurement. Accordingly,
any of the ingruments, standards, and methods used for these purposes should be calibrated to assure
that their accuracy is within acceptable limits.

Requirements for calibration are different between radionuclide, inorganic, and organic andyses because
of instrumentation characterigtics and stability. Thisis primarily due to long-term (radiochemical) versus
short-term (inorganic and organic) system stability. The detectors used within these chemica classes
aso have different cdlibration requirements based on their operating characteristics. It isingppropriate
and unnecessary to impose the more frequent cdlibration requirements of inorganic and organic
cdibration and initid cdibration verification on radiochemica procedures. Care must dso be taken
within a class of andysisto gpply method- specific procedures properly or risk inaccurate cdibration.
The requirements between and within chemica classes of andlys's are discussed below.

If more or |ess stringent requirements are necessary to meet project objectives, the variances shall be
implemented according to data quality requirements agreed to and documented between the laboratory
and the client (Section 1.0).

4.1 CALIBRATION RECORDS

The laboratory shall keep arecord of raw cdibration datafor dl methods. Cdibration records (initid
cdibration, initid cdibration verification, and continuing cdibration verification) shal include the raw
cdibration data, associated reports, date of andysis, and analyst’'s name or initids, a aminimum.
Cdlibration data shall be traceable to the standards used. All samples analyzed shdl be traceable to the
cdlibration under which the results were produced. Sample analysis can only proceed when
measurement systems are accurately caibrated. These records shal be maintained according to
Volume 1, Section 6.0.

4.2 BALANCES, THERMOMETERS, AND PIPETTES

Val. 4: 4-1
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Cadlibration records of measurement devices such as laboratory balances and thermometers for critical
meass and temperature measurements shal be maintained. All andytica baances shdl be cdibrated
annudly, at aminimum, by an gpproved metrology organization. An gpproved metrology organization is
one that has been evauated and selected on the basis of specified criteria consstent with industry
gandards for the calibration of balances. These records shdl contain the date of cdibration, initials of
the person performing the cdibration, the identity of the device or serid number, and the date the
cdibration expires. Thisinformation shadl be affixed on or near the baance. Acceptable baance
cdibration shal be verified and documented daily when in use. The accuracy of thermometers and
thermocouples used for critical temperature measurements (e.g., refrigerator temperature for sample
dorage, tota dissolved solids andysis) shdl be verified annually by comparing readings of such devices
with the readings of a National Ingtitute of Standards and Technology traceable factory-certified
thermometer. If radiological conditions limit this capability, then the thermometer should be checked a
the ice point.

It is consdered good |aboratory practice that mechanica pipettes used for critical measurements be
verified to ensure acceptable performance. Dally, before use, single-ddivery volume checks should be
performed and documented.
4.3 GENERAL REQUIREMENTSFOR STANDARDS
The following standard specifications shdl be used unless otherwise specified in Section 4.4.
Standards used for calibration of measurement systems shall be tracesble to a nationaly or inter-
nationally recognized standard agency source or measurement systemiif available. A program for
verifying and documenting the accuracy and traceahility of al working standards againgt appropriate
primary grade standards or the highest qudity standards available should be routinegly followed.
Standards used for cdibration shall be accompanied by a certificate or record that includes the vendor,
lot number, purity, date of preparation and/or expiration, and concentration or activity of the standard
materid. At aminimum, the following information shdl be maintained on standard preparations and if
possible placed on the [abdl:

0 Name of preparer

0 Date prepared

O Standard identification

Val. 4: 4-2
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O Dilution performed
0 Fina concentration or activity
0 Expiration date or shf life (if applicable).

When recognized standard materid is unavailable or its purchase isimpracticd, the laboratory should
attempt to purchase standard materid from ardiable source. The laboratory shal have proceduresin
place to determine the acceptability of such materids.

4.4 CALIBRATION OF LABORATORY MEASUREMENT SYSTEMS

The cdibration process correlates instrument response to an established concentration or characteristic.
Cadlibration procedures shdl be established by the laboratory and shal consider the manufacturer's
recommendations and the requirements specified in this section. Specific requirements or considerations
for calibration and calibration standards used for radiochemisiry, inorganic, organic and physica testing
laboratory messurement systems are defined in Sections 4.4.1, 4.4.2, 4.4.3, and 4.4.4, respectively.

Theinitid cdibration verification checks the accuracy of the cdibration and the standards used for that
purpose. A leve of indegpendence shal exist between the materials used for cdibration and for initid
cdibration verification when such materias are available. When an independent sourceis not available,
the laboratory should attempt to purchase an dternete lot of the same materid.

The continuing cdlibration verification checks the sability of the origina calibration over time. This
standard may be from the same source as that used for either cdibration or initid cdibration verification.

The minimum requirements of cdibration, frequency, and acceptance criteriafor laboratory
measurement systems are presented in Tables 4-1 through 4-9.

Records associated with insrument cdibration and control shdl identify the following:

Test type
Date of test

Name of person performing the test
Reaults and their acceptability
Corrective actions taken when unacceptable

The laboratory is required to take corrective action when measurement systemsfail calibration QC
criteria as demongtrated by the procedures discussed in Section 5.0. When recalibration is required at
an unusual and/or increasing frequency, see Volume 1, Section 5.0 for corrective actions.
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4.4.1 Radionuclide Analysis

Radionuclide andysisis defined as the measurement of nuclear decay through counting apha, beta,
and/or photon emissions. There are many different kinds of counting instruments used to measure these
emissons. Examplesinclude,

Alpha
- dlicon surface barrier
- gas-flow proportiona
- ZnS <intillation
Beta
- gas-flow proportiona
- liquid scintillation
Phaton
- gamma spectrometers

- low-energy (X-ray) spectrometers

These detector systems are used in support of avariety of anaytica needs ranging from screening to
isotope-specific identification and quantification.

Four main counting equipment categories are described in Tables 4- 1 through 4-4, dpha and beta
andyss usng gas-flow proportiona counting, gamma spectrometry, apha spectrometry, and beta
gpectrometry using liquid scintillation counting. Other counting systems are available to radiochemidts;
the calibration concepts described herein are applicable to these other systems aswell.

There are saverd fundamenta aspects to cdibration of counting equipment. These are:

Energy of emitted radiation
| sotope activity

Sample geometry
Attenuation

Interferences.

OOooodg

All of these fundamenta aspects must be known in order to effect an gppropriate and accurate
cdibration regardless of the counting instrumentation being cdibrated.

Idedlly, detectors should be cdibrated using the same isotopes as might be encountered in samples since
the energy of the emitted radiation strongly effects the efficiency of both beta and gamma detectors.

Val. 4: 4-4
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The isotope(s) used in cdibration must have relevance to the emission type and energy of the andyte to
be determined. For example, a **Tc standard is the optimum choice for calibrating a scintillation counter
used for **Tc andysis, *C is acceptable for the LSC calibration for °Se as there is no standard source
of °Se available and the b~ energies are comparable. Calibration of photon detectors can be effected in
one of two ways, depending on the andyticd need. Generdly, gamma detectors are caibrated with
severd isotopes representing awide range of gamma energies. These calibration curves support genera
screening of gamma-emitting radionuclides. Gamma detectors may aso be useful for sngle isotope
determinationsin which case asingle point cdibration m%/ be utilized. An example of thisisa®Sr
caibration for determining S radiochemical yidds using Sr tracer.

The isotope activity in the cdibration standard should provide sufficient counts such that random
counting datistics are not sgnificant. This can be managed by adjusting the isotope activity and the
counting time of the standard.

Sample geometry is critica to detector cdibrations. The geometry used for calibration must be
reproducible for samples. Geometry includes sample shape/size, homogeneity, and distance from the
detector. Alteration of any one or more of these factors will affect the detector counting efficiency and
thus the instrument response.

Attenuation of radiation affects al detector types. Attenuation is attributable to a variety of conditions
including mass loading on planchets for a/b counting, sample density in the case of photon counting,
and quenching effectsin the case of liquid scintillation. Where the attenuation is not fundamentally
corrected in the calibration (e.g., constant density/matrix between samples and standards), an
attenuation cdibration will need to be performed. Examples of this include developing quench curves
for liquid scintillation and mass cdibration curvesfor a/b counting.

Interferences are often afundamenta problem in counting and can occur during the cdibration. These
interferences need to be controlled or managed. Examples of interferences are coincident summing of
gamma spectra photons and pesk tailing in apha spectrometry (especidly in the case of

coprecipitation). Gamma coincident summing cannot be avoided, especidly with high-efficiency
detectorsin close sample geometries, thereby making it difficult to obtain smooth efficiency vs. gamma
energy curves. Intheworst cases, sngle isotope calibrations are strongly preferred. However, at lower
efficiency geometries, the effect may be negligible. Tailing interferencesin apha spectrometry are
controlled by performing a peak-fitting routine.

Radiation detection insruments are generdly very stable and instrument response can remain constant
over aperiod of years. Cdlibration standard preparation is often alengthy process aong with the
ingrument cdibration. A detector cdibration may take days and remain vaid for years. Counter
control standards (Section 6.3.3) are measured periodicaly to confirm cdibration stability.

Val. 4: 4-5
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Table 4-1. Minimum Requirements of Cdlibration, Background, and Counter Control for Alphaand

Beta Counting.
Cdibration |Cdibration Parameters and Criteria Corrective Frequency
Requirements Standards” Actions
Cdibration  |Plateau checks as Mot voltageversus | Setingrument at |After repair
goplicable counting activity to  |plateau voltage  |or major
Count one standard|estimate proper maintenance
over arange of operating voltages for if control of
voltagein a and/or (3 counting system
increments Investigatethe  |cannot be
sysemif cross  |re-established
Crosstalk or sensitivity’ as |Crosstalk of a inR  |talk criteriafail
aoplicable less than 10%
Measure a count |Crosstalk or
rate fromafd sengtivity of Bin a:
source, and 3 count |less than 1%
ratefroman a Investigate the
source system
Counting efficiency to Counting error 1%
caculate activity in sample
Count at one
known leve for
each counting
geometry a the
gpplicable energy
range Edtablish acurvefor
efficiency versus mass
Weight of solids’ to loading
cdculate sample activity
when mass |loading occurs
Background |Count detector Egdablisha As needed to One per day as
counting background. Use background count ratel meet data qudity |the sysemis
contamination-freecdean  |vauefortotd a and |objectives used

planchet.

total [

Table 4-1. Minimum Requirements of Cdibration, Background, and Counter Control for Alpha and

Beta Counting.

| Cdibration

| calibration

| Criteria

| Corrective Actions | Frequency
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Reauirements Parameters and
Standards
Counter control | Useardiable source | Contral limits Investigate. One per day as
or control threesgmaor + | Recdibrate, if the sygem s
standard 3%, whichever | necessary used.
iS grester
Notes:

®See Section 4.4.1 for cdibration standards requirements, as applicable for the technique used.

When cross talk has an impact on data reduction.

“When mass loading is applicable.

At aminimum, the most recent background and its error obtained from the counting system
should be used for background substraction. More thorough means (e.g., 10-point running
average background) for determining the appropriate background rate and its error may be
appropriate for particular situations, and their uses shdl be left to the discretion of the

radiochemist

Val. 4: 4-7




DOE/RL-96-68, HASQARD
Volume 4, Laboratory Technicad Requirements

Section 4.0, Rev. 2

Effective Date: 09/30/98

Table 4-2. Minimum Reguirements of Cdlibration, Background, and Counter Control for Gamma

Spectrometry.
Cdlibration Cdibration Criteria Corrective Frequency
Requirements| Parameters and Actions
Standards’
Cdibration  |Detector energy No specific criteria, Not gpplicable |After repair or magjor
cdibration depending on total maintenanceif control
channd and range of of system cannot be
energy of desred re-established
nuclides
Not gpplicable
Counting efficiency”
Matrix- and Span energy range of
geometry-specific  |nuclides of interests
Background |Count detector Represents the Asneededto  [Minimum of every
background to background for the time |meet data quality|other week or after
establish background |when the sampleis objective andytica run
leve counted" whichever islonger
Counter Multi-energy source |Contral limits: three |Readjugt if One per week or
control or coveringthegenerd |agmaor " 3%, kev/channd drift |after andytica run
control energy cdibration  |whichever isgreate”®  |occurs whichever islonger
standard range
System dtributessuch  |Investigate.
ascount rate, energy  |Recdibraeif
cdibration, and/or necessary.
energy resolution
(FWHM) for control
peaks should be
monitored.
Notes:

Val. 4: 4-8
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FWHM = full width haf maximum.
®See Section 4.4.1 for cdibration standards requirements.
bOnIy where counting efficiency is an anaytica requirement.

“The purposeis to confirm or establish current background and to test instrument contamination.

Val. 4: 4-9
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Table 4-3. Minimum Reguirements of Cdlibration, Background, and Counter Control for Alpha

Spectrometry.
Cdibration |Calibration Parameters Criteria Corrective Frequency
Requirements |  and Standards” Actions
Cdibration Energy cdlibration Use at least two Not gpplicable  [After repair or mgor
aphaisotopes with maintenanceif control
resolvable energies’ of system cannot be
re-established
Counting efficiency” Not applicable
Matrix- and geometry-|Use & least one
Specific recognized dpha
source
Background  |Count detector Representsthe As needed to At aminimum of every|
background to background for the |meet dataqudity |4 weeks or after ana-
establish background  |time when the objectives Iytica run which ever
level sample is counted” islonger
Counter control [At least two isotopes |Monitor pesk Readjudt if One per week or after
or control location and kev/channd drift |analytical run
standard resolution and occurs whichever islonger
efficiency (where
counting efficiency is
an andyticd Investigate.
requirement). Recdibrateif
necessary.

Contral limits: three
sgmaor " 3%,
whichever is greater”

Val. 4: 4-10
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Notes:
®See Section 4.4.1 for calibration standards reguirements.

bOnly where counting efficiency is an andlytica requirement. The counting efficiency for dpha
spectrometersis independent of adphaenergy. The counting efficiency need not be directly
determined for a detector, if the anayte is determined relative to an appropriate recognized-
tracegble internd tracer. The aphaenergy pesk used for cdibration shdl be resolvable from
other pesks in the spectrum or use a pesk fitting correction if integration is affected by tailing.
Equaly acceptable, the counting efficiency may be determined for the system and factored into
the sample activity determination as long as the basis for the efficiency determination remains
congtant with the samples, i.e,, reproducible counting geometries. At aminimum, one
recognized apha source is used to determine the detector counting efficiency.

“The purpose is to confirm or establish current background and to test instrument contamination.
At aminimum, the most recent background and its error obtained from the counting system
should be used for background subtraction. More thorough means (e.g., 10-point running
average background) for determining the appropriate background rate and its error may be
gppropriate for particular Stuations, and their uses shall be I€ft to the discretion of the
radiochemidt.

Val. 4: 4-11
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Table 4-4. Minimum Requirements of Cdibration, Background, and Counter Control for Beta

Spectrometry.
Cdibration |Cdlibration Parameters Criteria Corrective Frequency
Requirements and Standards” Action
Cdlibration Externd (ingrumentd) [Not applicable  |Not applicable |After repair or mgjor
standardization maintenance, if sysem
control cannot be re-
established
Method 1. Quenchcurve®at |Used for Investigatethe |1. If matrix or cocktall
cdibration least three points | establishing quenchisystem changes
(determining for gpplicable leve in the sample
quench) guench range and to determine
bracketing the specific counting
sample quench eficiency
Characteristic
2. Add to each samplg
2. Interna standard type
Counter control  |Count system Used to examine |Invedtigatethe |One per day when the
background background ingrumentd system sysemisused
contamingtion.
Not used for
sample
background
subtraction
Blank Usegmilar matrix of  |Used to determine|Investigate the  |One per day when the
the sample matrix-gpecific  |system systemisused
. background count
Usefor caculation rate as sample
background
subtraction

Table 4-4. Minimum Regquirements of Cdlibration, Background, and Counter Control for Beta

Spectrometry.

Cdibration

| Cdlibration Parameters |

Criteria

| Corrective |

Frequency
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Reguirements and Standards” Action
Counter control or | Andyte specific if Contral limits. Investigate | One per day when
control standard applicable rdiable Threesgmaor the system is used
source, e.g., vendor- + 3%,
supplied sources) whichever is
greater
Alternate Minimum two méatrix- | Counting Investigate | Count blank and
cdibration: baich | maiched standards and | efficency standard at beginning
approach’ blanks control limits and end of run based
threesgma+ on matrix type
5%, whichever
IS gregter
Notes:

®See Section 4.4.1 for calibration standard reguirements.

If gpplicable

“Thisis an dternate cdibration. If this approach is used, the above requirements do not apply

4.4.2 Inorganic Analysis

Instrument calibration should be performed based on manufacturer's recommendations and should
establish aworking response range. Calibration requirements such as frequency, criteria, and corrective
action for inorganic andyss are provided in Table 4-5. Accuracy of the cdlibration shall be confirmed
by performing an initid cdibration verification immediatdy after cdibration (see Section6.5.2). The
performance of an instrument measurement system during an andytica run shal be verified by a

Val. 4: 4-13
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continuing calibration verification (see Section 6.5.3).

The laboratory is required to take corrective action when measurement systemsfail calibration QC

criteria as demonstrated by the procedures discussed in Section 5.0.

Val. 4: 4-14




DOE/RL-96-68,

HASQARD

Volume 4, Laboratory Technicad Requirements

Section 4.0, Rev. 2

Effective Date: 09/30/98

Table 4-5. Minimum Cdlibration Reguirements for Inorganic Analyses.
Instrument or Cdlibration Frequency Acceptance Criteria Corrective
Test Criteria Action
Inductively Profile (optical Beforeeachnew | Megt manufac- Investigate.
coupled plasma | dignment). andytical run. turer's recommenda- | Correct if
Spectrometer tions for centroid necessary.
(1cP) and full width half
meax.
Blank and one Confirm Investigate.
concertration per acogptability usng | Correct.
andyte of interest. initid cdibration Recdibrate as
verificatior?. required.
ICP/mass spec- | Tune. Andyze four RSD < 5%. Investigate.
trometer (MS) timesat the Correct.
beginning of each
andyticd run.
Check mass Mass caibration Adjust mass
cdibration must belessthan 0.1| cdibration to
amu of actud vaue. | correct value.
Resolution must be
lessthan 0.9 amu full
width at 10% peak
height.
Before each Cdibration verifica-
Cdlibrate usang a least | andyticd tionwithin £ 10% of | Investigate.
ablank and one sequence. true vaue. Correct.
standard according to Recdibrate.
manufacturer's
recommendations.
Graphite furnace | Blank and three Beforeeach new | Meet coefficient Investigate.
atomic absorption | concertrations that andytical run”. correlation of Correct.
(AA) and flame | bracket instrument >(0.995. Recdlibrate as
AA] working range. Required.
Confirm acceptabil-
ity usnainitial

Val. 4: 4-15




DOE/RL-96-68, HASQARD
Volume 4, Laboratory Technicad Requirements

Section 4.0, Rev. 2

Effective Date: 09/30/98

Instrument or Cdlibration Frequency Acceptance Criteria Corrective
Test Criteria Action
cdibration verifica:
tior?.
Hydride AA Before each new
(arsenic and Blank and five andyticad run® Meet coefficient Investigate.
sdenium) standards. correlation of Correct.
>0.995. Recdibrate as
required.
Confirm acceptabil-
ity using initid
cdibration verifica
tior?.
Cold vapor Blank and three Before each new | Meet coefficient Investigate.
(manud atomic | concertrations that andytica run’. correlaion of Correct.
absorption) bracket 5 ng/L >0.995. Recdlibrate as
working range or required.
blank and four Confirm acceptabil-
concentrations that ity usng initid
bracket 10 ng/L cdibration verifica
working range. tior?.
Before each new
Automated Blank and 4 standards | analytical run’. Mest coefficient Investigate,
(linear response). correlaion of Correct.
>0.995. Recdibrate as
Blank and 8 standards required.
(non-linear response). Confirm acceptabil-
ity udng initid
cdibration verifica:
tior?.
Cyanide-manud | Blank and three Before each new | Meset coefficient Investigate.
and semiauto- concerntrations andytical run®. correlation of Correct.
mated spectro- | (undidtilled) that >0.995. Recdibrate.
photometric® bracket working
range. Confirm acceptabil-
ity udng initid
cdibration verifica:
tior’. The distilled

gandard require-
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Instrument or Cdlibration Frequency Acceptance Criteria Corrective
Test Criteria Action
ment is covered by
the Laboratory
Control Sample
LCS, Table 6-3.
lon chromato- Blank and three When cdlibration | Meet coefficient of | Investigate.
graphy concentrations that veificationfals | correlation >0.995. | Correct.
define working range. Recdibrate as
Confirm acceptabil- | required.
ity usng initid
cdibration verifica-
tior?.
pH Two point, calibration; | Before each new | For dial or dope Investigate.
3pH unitsor more | andytical run’. cdibration, andyss | Correct.
gpart cdibration range of cdibration Recdibrate as
representative of sandards must required.
sample results. measure within 0.05
pH units of true
vaue
For corrosvity A cdibration
characterization, one verification sandard
buffer should be apH within 0.1 pH units
of 2 for acidic wastes of truevaue
and pH of 12 for confirms
caudtic wastes. acceptability of
cdibration
lon sdlective
electrode
Working curve | Minimum of three Before each new | Cdibration verificar | Investigate.
technique sandardswithone | andytica run’. | tionwithin + 10% of | Correct.
near the estimated true value, Recdlibrate as
quantitation limit required.
(EQL), to definethe
working range.
All ssamples.
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I nstrument or Cdibration Frequency Acceptance Criteria Corrective
Test Criteria Action
Known-addition, | Follow manufacturer's | standards and Cdibration
double known- | method- specific blanks. veification within "
addition or recommendations. 3 slandard deviation
standard- of the higtorica
Subtraction mean.
technique
Titrimetric N/A N/A Standardize titrant(s) | N/A
beforeuse. Evauate
results based upon
QC presented in
Section 6.5.2 and
6.5.3.
Colorimetric Blank and minimum of | Before each new | Cdlibration verifica- | Investigate.
three standards, with | analytical runf. tionwithin + 10% of | Correct.
one near the EQL,, to truevaue. Recdibrate as
define the working required.
range.
Notes:

*Andytica run is defined as sequence of andyses within a continuous time period. See
Section 6.5.1.

®See Section 6.5.2 for initia calibration verification acceptance criteria
“For dedicated cyanide spectrophotometers/colorimeters, ablank and six standards shall be

run. Thiscdibration shdl remain vdid aslong as cdibration verification acceptability is
demonstrated or for up to 90 days.
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N/A = not applicable.
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4.4.3 Organic Analysis

Instrument calibration shall be performed to establish aworking response range. Cdibration
requirements for frequency, criteriaand corrective action for organic andyss are provided in Tables 4-
6, 4-7, and 4-8. The cdlibration accuracy shdl be confirmed by performing aninitia calibration
verification immediately after calibration (see Section 6.7.2). The performance of an instrument
measurement system during an andytica sequence shdl be verified by a continuing cdibration
verification (see Section 6.7.3).

The manufacturer's specifications for tuning the gas chrometograph/mass spectrometer (GC/MS) system
shdl be met before cdibration. All systems incorporating a GC should have the retention time window
specifications eva uated each time the GC system parameters are changed and whenever anew column
isingalled.

Continuing calibration should be verified routindy or before running samples. The laboratory isrequired
to take corrective action when organic measurement systems fail caibration as demondtrated by the
procedures discussed in Section 5.0.
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Table 4-6. Minimum Reguiremen

ts for Gas Chromatograph/M ass Spectrometer System.

Cdlibration Cdibration Acceptance Criteria | Corrective Action | Frequency
standards

Tuning indrument | Specific tuning Shdl meet regulatory  |Re-tune or repair as|12 hours

performance check [compound, either  |criteriaif goplicable,  |necessary
purge or inject otherwise meet

manufacturer's
recommendation.

Cdibration (initid)  |Numbers of Vdidatecdibration  |Not applicable Upon failure of
concentrationsof ~ |curve to meet initid cdibration
andytes of interest |appropriate regulatory verification
are based on or others’ criteriafor
RCRA, CERCLA, |response factor and %
or others’ relative standard

deviation
See CCV
All compounds
used are required
by laboratory and
client agreement

System performance|Compounds used  |Meet appropriate Investigate the Run with every

check compounds |are based on regulatory or others” |systemor re-run  |initid calibration

(SPCC)° when RCRA, or others’ |criteria and CCV

appropriate

Cdlibration check  |Compoundsused |Meet appropriate Investigate the Run with every

compounds are based on regulatory or others’  |systemor re-run  |cdibration and

(CCCs)° when RCRA, or others’ |criteria CCV to ensure

appropriate cdibration and

CCV iswithin
control

Continuing Mid-range Vdidatecdibration |Investigate the 12 hours

cdibration cdibration standard |curve to meet sysem and initiate

verification (CCV) |andinternd regulatory or others”  |corrective action
standards criteriafor response

All compounds

factor, retention time
and % difference
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Cdlibration Cdibration Acceptance Criteria | Corrective Action | Frequency
standards

used arerequired  |between initid and
by laboratory and  |continuing calibration
client agreement

Internal standards’ Compoundsused  |Meet appropriate Investigate the Included in
are based on regulatory criteria sysemor re-run  |every standard
RCRA or CCC, andre-run |solution, blank,
CERCLA any sample with and sample

internal standard not
mesting criteria

Surrogates Similar behavior to [Meet appropriate Not applicable Included in

andyte of interes  [regulatory or other every sample,
criteria’ cdibration, and

When performing Ccv
an established
method, all
requirements shal
be followed, unless
client requests
otherwise
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[nstrument/ Analyte free water, |All andyteslessthan  |Correct problem.  |Run one blank
Method blank surrogates, and detection limits with the| Re-run any samples|before sample
internd standard  |exceptionsbasedon  |that are affected.  |andysis

RCRA, CERCLA, or

others’
Notes:
CERCLA = Comprehensive Environmental Response, Compensation, and
Liability Act
RCRA = Resource Conservation and Recovery Act

°RF is equivaent to RRF for Contract Laboratory Program.
’Nomenclature is based on SW-846.

“Other criteriathat are required by either adata quality objective, laboratory and client
agreements, or regulator gpproval.

“Internal standard shall be used. Internal standard specific compounds are suggested and not
mandatory. If other compounds are chosen, they shdl cover the entire retention time range, not
interfere with anaytes, and not degrade. The primary ion from the appropriate interna standard
compound is used to ratio to the ion from the andyte of interest.
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Table 4-7. Minimum Requirements of Cdlibration and Cdibration Verification for Gas Chromatograph

System
Cdlibration Compounds Criteria Corrective Frequency
Requirements Actions
Cdlibration: Minimum three Cdlibration factor (CF) and |Investigate | After mgor
Externd concentrations per Y%orelative standard the system or| maintenance or
standard andyte of interes with | deviation (RSD) shdl be  [re-runif upon fallure of
approach one near the method cdculated for each necessary | continuing
detection limit to define | compound cdibration
the working range of the verification
detector® Vdidaethe calibration
curve to meet regulatory or
Target (:ompoundsb or |others’ criteriafor % RSD
anaytes per |aboratory | of CF
and client agreement
Surrogates
Alternate Minimum three RF and %RSD shdl be Invedtigate | After mgor
cdibration: concentrations per cdculated for each the system or| maintenance or
Internd andyte of interest with | compound re-runif falure of
standard one near the method necessary | continuing
approach detection limit to define  |If an RF value is congtant cdibration
the working range of the |over the working range, verification
detector® vaidate the cdlibration
curve and useit for
Target compounds’ or | caculations
analytes per |aboratory
and dient agreement
Surrogates
Add internd standard to
al slandards and
samples.
Continuing Using one or more Working cdibration curve |Investigate |Dally, when
cdibration cdibration standards verified by the the system or| used, and before
verification measurements of one or re-run anew |andytica run
more calibration sandards | cdibration
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Cdlibration Compounds Criteria Corrective Frequency
Requirements Actions
curve
Mest % difference of CF

criteria between initid and
continuing caibration based
on RCRA, CERCLA, or

others’
Notes:
CERCLA = Comprehensive Environmenta Response, Compensation, and Ligbility
Act
RCRA = Resource Conservation and Recovery Act
RF = response factor
RSD = relative standard deviation

*For RCRA or CERCLA type of work, either SW-846 or Contract Laboratory Protocol shall
be used.

°Select one or moreinterna standards similar in andlytical behavior to the compounds of
interest.

‘Other criteria are required by either a data quality objective, laboratory and client agreements,
or regulator approval.
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Table 4-8. Minimum Cdibration Requirements for Total Organic Carbon, Total Inorganic Carbon,
and Totd Carbon Andysis Using Different Instruments.

Instruments Cdlibration Frequency  |Acceptance Criteria|  Corrective
Action
Combustior+ According to Before each new |Follow Investigate.
infrared method.  |manufacturers andytica run’ or |manufacturer's Correct if
recommendation every 15 samples|recommendations  |necessary.
Recdlibrate as
required.
Persulfate- Blank and sufficient
ultraviolet oxidation.|standards should be
used that encompasses
Wet-oxidation the expected
method concentration
Coulometric Initid calibration Confirm + 3 standard Investigate.
method performed by acceptability usng deviation of Correct if
manufacturer performance hisoricd meanof  |necessary.
check the performance
check
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4.4.4 Physical Testing

Minimum cdibration requirements for severa physical tests are presented in Table 4-9.

Table 4-9. Minimum Cdlibration Requirements for Thermogravimetric Andyss, Differentid Thermd
AndyssThermd Gravimetry,
and Differentid Scanning Cdorimetry.

Technique Cdibration Criteria Frequency Corrective Action
Requirements
Thermogravimetric | Initid cdibration | Confirm acceptability |Upon falureof  |Recdibrate when
andyss peformedby |usng peformance  |performance performance
manufecturer  |check (temperature  |check cannot be re-
and balance checks) established
Differentid thermd Initid cdibration |Confirm acceptability [Uponfalureof  |Recalibrate when
andyssthermd performedby  |usng peformance  |performance performance
gravimetry manufecturer  |check (temperature |check cannot be re-
and balance checks) established
Differentid scanning  |Initid cdlibration | Confirm acceptability [Uponfalureof  |Recalibrate when
cadorimetry performedby  |usng peformance  |performance performance
manufacturer  |check (temperature |check cannot bere-
and enthalpy checks) established
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5.0 DATA COLLECTION, REDUCTION, AND REPORTING

Data collecting and reporting processes include proper sampling, correct chain-of-custody, collection of
raw data, data reduction and caculations, and transferring resultsto afina form for reporting. All of
these records shall be maintained in a manner to safeguard the data and meet regulatory requirements as
described in Volume 1, Section 6.0.

5.1 DATA COLLECTION

Raw data are al parameters used to caculate afina reportable result. Raw data can be generated by
manua and/or dectronic means. Manua data generation shdl be collected and recorded by the analyst
according to applicable procedures. Many analytica instruments are interfaced with computers and/or
integrators and are able to generate or reduce the raw data into reportable results.

Entriesinto logbooks shdl be made in a manner such that they can be easily read, understood, and
reproducible with standard photocopier.

Raw data output shall be retained as a part of the records (see Volume 1, Section 6.0). Information on
date of sample collection, sample preparation, and andyds run; sample identification numbers, andyst
or insrument operator; type of analys's, and procedure number, including revison number, shal be
traceable to the raw data output.

5.2 DATA REDUCTION

Data reduction is defined as the mathematical operations applied to the raw data to produce afina
reportable result. Data resulting from analyzing samples shal be reduced according to gpplicable
procedures. Data reduction includes activities that convert instrument and computer responses into
reportable results. These activities may involve caculations, changes to the units or the data values, and
daidicd and mathematicd andyss.

Computer programs or spreadsheets used for data reduction shall be verified before reporting data to
ensure caculational and data manipulation programs perform properly.

The following practices shdl be in place to ensure accuracy of data entry, proper calculation, and
appropriate data reduction:
0 Verify that dl readings or output are accurate.

0 Ensure proper error correction or data change, i.e., one line through, dated, initialed,
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and explained as appropriate.

0 Sdlect gppropriate formulas for caculating fina results, correct for appropriate
backgrounds and/or interference (e.g., compton effects for GEA and inter-dement
correction for inductively coupled plasma spectrometer [ICP]), and document
cdculaions and results.

0 Veify that data are accurately transcribed into notebooks, forms/benchsheets, or
Spreadsheets.

5.2.1 Significant Figures

Sgnificant figures reflect the limits of the particular andyss method. Basic rules for sgnificant figures
and for cdculating values and retaining the number of sgnificant figures are provided in Standard
Practice for Using Sgnificant Digitsin Test Data to Determine Conformance with
Soecifications, ASTM E-29 (ASTM 1993a). Reported vaues should contain only significant figures.

Recognizing that vendor-supplied software may not meet the generd rulesfor significant figures, the
laboratory should work with the client to determine the best way to report results, based on the project
needs.

5.2.2 Rounding-Off Methods

When afigureisto be rounded to fewer digits than the total number available, the rounding-off
procedure described in ASTM E-29 (ASTM 19933) should be followed. If adifferent rounding
method is used it shdl be noted in the narretive. A brief description of the procedure follows.

0 When the firgt digit discarded isless than 5, the last digit retained should not be
changed.

0 When the firgt digit discarded is grester than 5, the last figure retained should be
increased by 1.

0 When thefirgt digit discarded is exactly 5, followed only by zeros, the last digit retained
should be rounded upward if it is an odd number, but no adjustment made if it is an even
number.

5.2.3 Data Review

Datareview refersto the process of determining whether data conform to specified requirements. A
system shdl be in place in accordance with [aboratory-established procedures to review data before
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datareports areissued. Errors detected in the review process shall be referred to the analyst for
corrective action (see Volume 1, Section 5.0). The datareview process shdl incorporate the following
elements and those discussed in Section 8.0.

O Data shdl be reviewed according to |aboratory procedures to verify that calculations are
correct and to detect transcription errors.

0 Sample data review shdl include verification of sample identification number, andy4,
and date of analysis.

0 Data shdl be reviewed againgt applicable QC and method criteriato verify that the
preparative and/or andytical system is performing acceptably (see Section 5.0 for
detals). If QC samplesdid not meet QC criteria, data within the batch shdl be
evaluated to determine if there were any adverse effects on the data; the sample shdl be
re-prepared and/or re-run or the data shal be reported with qudification(s), which will
be detailed in the narrative as gppropriate to the condition.

0 Random checks shall be performed to verify data entry, calculations, and QC criteria

5.3 DATA REPORTING

The andyticd information reported should include the measured parameters, the details of andysis, and
the reported data va ues in accordance with client requirements.

Inorganic or organic results shal be reported as numeric va ues with appropriate data qudifiersif above
the instrument detection limit (IDL) (see Section 7.5.1.2 for detalls). If the valueislessthan IDL, it can
be reported as undetectable.

Radiochemical results shal be reported based on calculated concentration or activity values (whether
negative, positive, or zero) using the appropriate blank for each nuclide (see Section 7.5.2 for details).
The measured activity or concentration should be reported with estimates of tota propagated
uncertainty but without comparison to the estimated a priori minimum detectable concentration (MDC).
The MDC should not be reported to the client in lieu of low-level measurements.

5.3.1 Data Reporting Documentation

The reporting documentation shal indlude the following information:

0 L aboratory name and address.
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0 Sample information including unique laboratory identifier cross-referenced to client
identification, sample collection date and time (when holding times apply or upon
request), date of sample receipt, and date(s) of sample preparation and andysis.

0 Identify results obtained from subcontracted laboratories

0 Andytica units and results, reported with an gppropriate number of sgnificant figures,
and associated uncertainty.

O Detection limits,

O Method references.

0 Identification of any amended test results.

0 Signature and title of person accepting responsibility for the report contents.
0 Date of issue.

0 Identification of subcontracted resultsif goplicable.

0  Appropriate QC results (correlation with sample batch shall be tracesble and
documented).

0 Appropriate data qudifiers with definitions and a narrative on the qudity of the results if
applicable.

0 Additiona datareporting, (i.e., the percent of moisture/solid or correction for equivaent
dry weight) as appropriate.

5.3.2 Immediate Reporting

An immediate data reporting system shdl be established between the laboratory and the client to
address an emergency Stuation. The type of information, level of gpprova, data reporting format, and
means of delivery shal be discussed and agreed upon between the laboratory and the client. The
emergency Stuation may include but is not limited to screening activities for safety issues, critica
andytes, or limiting sample amount.
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6.0 QUALITY CONTROL

QC isdefined as the overal system of activities that provides checks and balances to the qudlity of a
product or service. QC data are evaluated againgt client requirements to measure how well the data
meets the client's needs. The god isto provide data of known quality that is adequate for the intended
purpose. QC data alow the laboratory and the client to measure the degree of conformance againg the
requirements.

To assess the precision, accuracy, and sengitivity of areported result, QC checks are incorporated
throughout the data collection process (e.g., sample preparation/separation, andysis, reporting) to
provide ameasurement tool for eva uating the effectiveness of the process. QC checks provide
information with regard to performance of the measurement system and environmenta aswell as
matrix- related impacts on the measurement sysem. The information gained from evaduating QC
performance can then be used to implement corrective actions or improve processes.

The qudity control requirements for each of the three mgjor types of andysis conducted in support of
Hanford environmerta programs, radiochemica, inorganic and organic are discussed separately.
Physical testing qudity control requirements are so provided for severd test parameters (Section 6.8).

Each of the fidds of chemidtry is further sub-divided into two parts, preparation/separation QC and
measurement/counting QC. The text and the accompanying tables provide the detalled QC
requirements for each topic. Basic QC operations, applicable to al anaytica disciplines, are presented
in Section 6.1. Basic QC operations consst of contralling the qudity of solvents, sandards, reagents,
and gases used in the laboratory.

The QC requirements presented are designed to enable both the laboratory and the client to ascertain
the quality of the data produced. These QC checks provide information on the precison, accuracy,
sengtivity, and overdl rdliability of the reported results. Each laboratory is required to implement and
meet the QC requirements outlined in this section. However, client data qudity requirements shdl
aways be used to determine whether sample results can be reported. In certain instances, aresult may
fal outsde of the specificationsin this chapter but <till meet client needs. In such cases, the results
would be considered acceptable for reporting. Reported results shal be traceable to the QC performed
with those results.
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6.1 GENERAL LABORATORY QUALITY CONTROL

The QC described in this section represents the basic |aboratory systems associated with andyticdl
operations and gpplies to radiochemica, inorganic and organic andytica procedures. The use of
substandard reagents, standards, materid's, and equipment can result in less reliable or unreliable data.
Each |aboratory shdl have amechanism in place for demonstrating control over those sources which
affect the accuracy, precison, and sengtivity of reported results. The minimum requirement would
consst of monitoring anaytical and preparative blanks for contamination from these sources.

6.1.1 Distilled or Deionized W ater

High+purity water is generally defined as water that has been distilled or deionized, or both, so that it will
have a conductivity less than 1.0 nmho/cm (greater than 1.0 megaohm-cm resitivity). Each laboratory
is respongible for ensuring thet the water used for data collection activitiesis of sufficient quality for the
operation performed. Water quality is regularly monitored via preparative and andytica blank
performance.

6.1.2 Compressed Gases

Each aboratory shall monitor the quality of gases used in the laboratory to ensure that they are adequate
for the operation being performed. At aminimum, this shal consst of monitoring system performance
(e.g., for contribution to background and/or blanks from impurities).

6.1.3 Standards

The acceptability of standards used in the preparation and anadlysis of client samples shdl be verified.
Each laboratory shall document its method(s) of verification. See Section 4.3 for guidance on standard
sdection, use, and verification.

6.1.4 Reagents

Each |aboratory is responsible for ensuring that reagents used for data collection activities are of

aufficient quality for the operation performed. Reagent qudlity is regularly monitored via preparative and
andytica QC performance.

Val. 4:6-2



DOE/RL-96-68, HASQARD Section 6.0, Rev. 2
Volume 4, Laboratory Technicad Requirements Effective Date: 09/30/98

6.1.5 Labware

Each |aboratory shdl purchase and use labware of sufficient quality to meet client requirements.
Labware selected shdl be compatible with the testing performed.

6.1.6 Glassware Cleaning
Glassware deaning shdl be performed in a manner that minimizes sample contamination.
6.1.7 Good Housekeeping

Each |aboratory shdl maintain their operations in a clean and organized manner to maximize available
workspace and minimize environmenta impacts on samples.

6.2 PREPARATIVE TECHNIQUESFOR RADIOCHEMISTRY

Preparative techniques are those operations used to prepare a sample for instrumenta anaysis (i.e,
counting). Radiochemistry generally separates preparative techniques into two types, sample
preparation which prepares the sample materid for the second step, radionuclide separation (isolation).
Thefirst sep, sample preparation, modifies the origind sample matrix freeing the radionuclides for
further separation prior to counting (quantitation). Examples of preparative techniques are evaporating
water samples to dryness, acid leaching soils and air filters, wet ashing organic matter, fusion, and acid
digestion. Separation involves isolating specific radionuclides from other radionuclides that may interfere
with accurate quantitation of the target andyte. Examples of separation techniques include ion exchange
chromatography and sdlective solvent extraction.

In this context, separation and/or isolation techniques are preparative if performed before counting to
facilitate accurate measurement. Simple dilution is not a sample preparation technique. Selection of
preparative technique should be based on client data qudity requirements. See the discussion below
and Table 6-1 for frequency requirements used during preparation.

6.2.1 Preparation/Separation Batch

A batchisagroup of samples, of smilar matrix type, prepared and/or separated at the sametime. A
batch shal not exceed 20 client samples. If clients do not specify project-specific QC, the [aboratory
may combine up to 20 samples of smilar matrix type for preparation with only one duplicate (or matrix
gpike duplicate) and matrix spike required. In the case of process testing or unique client requirements,
QC dements such as a sample duplicate (or matrix spike duplicate) and matrix spike may be performed
for every 20 dient-specific samples received. However, the preparation blank and |aboratory control
sample/blank spike requirement would apply to each batch of samples prepared at onetime.
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A sample or series of samples which do not require preparation or separation prior to analysis would
not fal under the requirementsin this section. Additiondly, limited sample quantity may limit the
laboratory's ability to meet the duplicate and matrix spike requirements. In such cases, dternative
approaches should be consdered to demonstrate sample precison and accuracy. Unique client
requirements shall be documented and agreed upon by the laboratory and the client before work begins.

6.2.2 Preparation Blank or Method Blank

The sample preparation blank or method blank is used to monitor contamination resulting from the
sample preparation process. The preparation blank or method blank is generdly ditilled or deionized
water, which is subjected to the same processing as the samples, including dl reagent additions. The
laboratory is dso free to use a matrix more closely related to the actual samples processed (i.e., clean
s0il, synthetic tank waste) provided the matrix is free of contamination from analytes of interest above
those naturaly occurring in nature,

The weght or volume of blank materid used should be selected such that it will result in areasonable
gpproximation to that of the samples and shdl be presented in the same context as the samples. In any
event, the blank should be evauated for it contribution to the sample, based upon how the sample was
prepared. Preparation or method blanks shall be prepared with each batch of samples processed at the
sametime.

Preparation or method blank acceptability shall be demondrated asfollows: 1) the blank shal be less
than the estimated MDC of the associated samples, or, if the blank is equd to or above the estimated
MDC, 2) it shdl not exceed 5% of the measured activity present in the associated samples, or, when a
decison leve is specified, 3) the blank shall not exceed 5% of the decision level unless 2) above
goplies. Note: The laboratory must be capable of achieving an MDC less than or equd to 5% of the
Decison Leve or must negotiate an acceptable dternative.

All affected samples in the preparation batch will be re-prepared and re-andyzed if the preparation
blank (method blank) fails to meet one of the acceptance criteria unless client specific data quaity
reguirements dictate otherwise. The client shdl be notified prior to such actions when additiona costs
will beincurred.

The results of the preparation blank anadysis should be reported to the client as part of routine reports.
Preparation blank results are not subtracted from sample results unless client data quaity requirements
Specify otherwise; in which case, the case narrative accompanying the results should state that blank
subtraction was used.
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Table 6-1. Preparative Reguirements for Radiochemistry Quality Control.
Qudlity Contral Frequency Criteria Corrective Action
Requirements
Preparation/ 1 per batch | <MDC, <5% Sample Evduate use againg andyte leve
method blank® isotope concentration, or present in samples and client
<5% decison leve. DQRs. Reprepare and andyze
affected samples.
Blank spike’ 1 per batch | 80% to 120% or Statistica® | Investigate, Evaluate againgt DQRS,
-------------------------- Correct, Reprepare and andyze as
-0r- | mmeemmeee Vendor or statistical® applicable.
Laboratory control | 1 per batch
sample
Sample Duplicate® | 1 per batch | <20% relative percent Evaduate. If 1ab error, reprepare
difference when results have | and andyze. If matrix driven,
and individua uncertainties | evauate againg DQRs, natify dlient
(1 Sgma) <15%". if till unacceptable, discussin
narrative.
Matrix or Post 1 per batch | 75% to 125% Evauate. If lab error, reprepare
spike” or and andyze. If matrix driven,
Satistical® evauate againg DQRS, natify client
if dtill unacceptable, discussin
narrative,
Notes
DORs = data quaity requirements.

'Nondestructive radioanaytical technicques da nat require a matrix spike; however, ablank
gpike or laboratory control sample is desirable.

’Refer to Tables 4-1 through 4-4 for counter control and background frequencies.

*Shall be applied at original preparation stage.

*The decision to perform a spike during or after preliminary preparation shall be based on
sample ectivity levels. This spike requirement may be met usng a matrix spike, tracer, or carrier
depending on client requirements and considerations discussed in this Section

*Lab developed procedures shall either meet specifications or show statistical basis for
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dterndtive criteria. Alternative criteriais acceptable if it meets dient DQRs

®This represents the 68% confidence level
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6.2.3 Laboratory Control Sample or Blank Spike

A laboratory control sample (LCS) or blank spike (BS) is used to monitor the effectiveness of the
sample preparation process. The laboratory control sampleisamateria smilar in nature to the sample
being processed containing the isotope(s) of interest (e.g., tandard reference materid). A laboratory
control sample, if available, shall be prepared with each batch of samples processed at the same time.
The blank spike isdidtilled or deionized water or other suitable substrate spiked with the isotope(s) of
interest. The blank, spiked with tracer would aso meet the BS requirements. A blank spikeis normally
used when an gppropriate |aboratory control sampleis unavailable.

Blank spike control is demondtrated by target andytes being within ether the preset limit of 80%-120%
or, within gatigticaly determined limits when the " 20% criteria cannot be reliably achieved.

Laboratory control sample acceptability is demonstrated by target andytes being within established
control or tolerance limits. Control limits are either provided by the vendor or satisticaly determined by
multiple andyses over time. For the LCS, the vendor supplied precison may effect the tolerance limits
goplied to the andyte.

The laboratory must ensure that each method used for a given scope of work is cgpable of meeting
client precison and accuracy requirements or the lab must negotiate aternative requirements.

All samplesin the preparation batch shal be re-prepared and andyzed for those andytes in which the
acceptance criteriafor the LCS or BS has not been met. In limited cases, results may be acceptable for
reporting provided the lab can demondrate that the client DQR was il achieved. The client shal be
notified prior to repreparation if additional costs will be incurred.

The laboratory control sample/blank spike results should be reported to the client. No adjustment of
client sample results based on LCS recovery is made in the laboratory report.

6.2.4 Matrix or Post Spike

In generd, matrix spike is aterm given to aclient sample which has been spiked with the anayte(s) of
interest and processed in the same manner asthe sample. The matrix spike is used to monitor method
performance in a specific sample matrix. Matrix spike results are an indicator of the effect the client
sample matrix has on the accuracy of measurement of the target andytes.

In radiochemistry, the matrix spike represents the addition of a known quantity of the isotope of interest
to an diquot of sample. This spike may be added to a sample diquot prior to any sample preparation
i.e, fuson, leaching. Alternatively, it may be eected prior to specific radiochemica manipulation eg.,
separation chemistry or evaporation onto aplanchet. A spike added at this point can indicate matrix
related effects remaining after preparation but gives no measure of the efficiency of the origind
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preparation step. Whenever practica, other spike recovery data (i.e., inorganic recovery results from
the same preparation should be used to identify potential andyte |osses).

The decison on when and how to spike a sampleis based on the anticipated sample andyte activity or
required dilution. Spiking additiond activity into a sample that dready exhibits high activity is not
judtifiable, either because of standard materia consumption or radiation dosmetry issues. Likewise,
spiking before alarge dilution can waste expensive standard materid. Therefore, spiking may be
performed after preliminary sample preparation and dilution, but before any radiochemica separation
occurs. However, spike amounts should adways provide results exceeding the decision or action limit.

Each |aboratory shdl evaluate matrix spike recovery information againgt client data quality requirements.
The god isto ensure that limitations on the data, caused by the sample matrix and represented by
matrix spike performance, are adequately portrayed and discussed in the report to the client. It should
be noted that client results would aready be corrected for matrix and/or handling effects if atracer or
carier isused in place of amatrix spike.

When the anayte concentration is unknown, spiking istypicaly performed a alevd that is one of the
following: 1) equivaent to the threshold established by the DQO process 2) specified by method, or 3)
1 to 5 times the minimum detectable activity. Otherwise, (as genera guidance) the spiking should be
performed at aleve equivaent to 1 to 5 times that of the sample. In those instances where the andyte
concentration sgnificantly exceeds the amount of spike added in the prepared samples, the data must be
further evdluated to determineif the andyte response of the spiked sampleis satisticaly sgnificant. |If
not, are-run of the process may be required depending on client needs. For radiochemicd andyss,
matrix spike control is demongtrated when target andytes are within established control limits. Control
limits are established by one of the following: 1) established by the DQO or DQR processfor a
particular project or program, or 2) laboratory performance over time in samples of smilar matrix and
concentration levels.

A matrix spike shal be prepared with each batch of 20 samples and the results reported to the client
aong with the calculated recovery (see Section 7.3.1). No adjustment of the client sample resultsis
made in the laboratory report.

Note: Situations may exist where there is no spike materia available, eg., *Zr. In such cases, method
performance must rely on tracers and/or carriers.

6.2.5 Laboratory Sample Duplicate or Matrix Spike Duplicate
Laboratory duplicates are two diquots of the same sample (intralaboratory splits) that are taken through

the entire sample preparation and andytical process. Spike duplicates are two spiked aiquots of the
same sample that are taken through the entire sample preparation and andytica process. Duplicates are
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used to assess the precision of the preparation and counting processin a dient-pecific matrix. The
degree of agreement between duplicates indicates the reproducihbility (precison) of the combined
preparati on/separation, and measurement process.

Disagreement can occur due to analyte concentration differences within the sample matrix (non
homogeneity) that are not amenable to analyst control during the andytica process (e.g. isolated
particles of plutonium in a soil matrix which cannot be reliably sampled usng standard laboratory sub-
sampling techniques). Disagreement may arise if the method has poor gpplicability to the anayte/matrix
sysem.

Typicaly, radiochemical preparations include a sample and sample duplicate. In cases where the
sampleis not expected to contain concentrations of target andytes sufficient to produce relatively small
counting errors, the use of amatrix spike and matrix spike duplicate should be consdered.

Radiochemicd laboratory duplicate RPD criteriais st at 20%. This criteriashdl only be applied to an
anayte concentration or activity which has an uncertainty (1 Sgma) less than or equa to 15%. When
ether the sample or duplicate uncertainty exceeds 15% the data shal be evaluated based on statistical
comparability. The laboratory can aso perform an evaluaion using the mean difference. Themean
difference caculation takes the uncertainty of each individua measurement into account when comparing
the two results. The formulafor caculating the mean difference is presented in Section 6.0.

In those cases where the criteria above are not met evauation of the source of error and impact on
client DQRs shall be performed. When client DQRs can not be met the client shal be notified; results
shdll either be accepted or new work scope (methodology) agreed upon.

6.2.6 Tracer

Radiochemica techniques typically employ ether atracer, carrier, or matrix spike, or acombination of a
matrix spike with atracer or carrier. A tracer isused to correct radiochemica yield in a specific
sample. The amount of tracer recovered through a method reflects effectiveness of the radiochemicdl
separation for the target andyte. Criteriafor selection and recovery of tracers shdl be specified.

The tracer may be added to an aliquot of prepared (e.g., leached), or diluted sample prior to specific
radiochemica manipulations (e.g., separations). The tracer added at this point can indicate matrix-
related effects remaining after preparation but gives no measure of the efficiency of the origind
preparation step. 1sotopic exchange with the anayte is assumed. The decison on when to spike a
sample with tracer is based on the expected andyte activity in the sample. Whenever practicd, other
spike recovery data (i.e., inorganic recovery results from the same preparation) should be used to
identify potentid anayte losses.
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For most radiochemica applications, atracer is considered radioactive and masdess. Assuch, it can
be added to dl samplesin an anaytica batch as a sample-by-sample QC measure (yield). The
recovery of the tracer is used to correct for dl losses of the target andyte. Sufficient tracer must be
used to maintain counting statistics to support client DQO needs.

Note: Highyieldswith radiochemica tracers are not ways of great importance, provided that the
yields can be evauated (e.g., it is common to sacrifice yield to achieve a better separation).
Before applying ayield correction, evauation of whether or not sufficient counting satistics
were achieved to make yidd correction meaningful shdl be made.

6.2.7 Carrier

For thisdiscussion, a carrier is used to correct radiochemicd yield in aspecific sample. Aswitha
tracer, the carrier recovery isamessure of the amount of anayte lost in performing the procedure.
Criteriafor sdection and recovery of carriers shal be specified as use may be consdered unique to the
specific isotope being determined. The influence of a carrier on counting of the target andyte (e.g.,
mass attenuation of beta counting) must be addressed during procedure quaification. This affect may
be consdered as negligible, in cases such asin gamma counting.

The carrier may be added to an aiquot of prepared (e.g., leached) sample prior to specific
radiochemica manipulations (e.g., separations). The carrier added at this point can indicate matrix-
related effects remaining after preparation but gives no measure of the efficiency of the origind
preparation step.  The decision on when to spike a sample with carrier is based on the expected andyte
activity in the sample.

Note: Highyiddsin radiochemistry are not dways of greet importance, provided that the yields can be
evauated (i.e, it iscommon to sacrifice yield to achieve a better separation). Before applying a
yield correction, evauations of whether or not sufficient measurable mass was achieved to make
yield correction meaningful shdl be made.

6.3 RADIOANALYTICAL TECHNIQUES

Andyticd techniques are those operations which permit the measurement of a parameter of interest.
For the purposes of this document, radiochemical andyss is the measurement of some property (a, b,
or photon emissions) for which there is an ingrument response that can be related to the concentration
or amount of the radionuclide of interest in asample or in some materid prepared from the sample.
Sdection of andytica techniques should be based upon client data qudity requirements. The QC
requirements presented below are designed to give the anadlyst information regarding the precision,
accuracy, and sengtivity of the analytical process.
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6.3.1 Counting Sequence

An andyticad sequence or run is defined as those samples counted on any specific detector in a period
of time between counter control counts. Thus, by definition, the anaytical run starts after the counter
control source is counted and ends when the following counter control source is counted.

As amatter of good technique, the sequence of samples counted on a detector where the detector face
isdirectly exposed to the sample should be traceable. Gas-flow proportional counters (aphalbeta
counting)and slicon-barrier counters (alpha spectrometry) are examples of detector systems where the
detector is exposed to the sample and contamination may occur. The sequence reconstruction will
alow the analys to better evaluate problems associated with data that may have been generated on a
counter that was contaminated during the course of an andytica sequence.

6.3.2 Veification of Calibration

The cdlibration verification confirms the acceptability of the cdibration. The cdibration verification
demondtrates that both the standards used and the cdibration are accurate. Calibration verification shdl
be performed before commencement of sample andyss.

Cdibration of counting instrumentation used in support of radiochemica measurements often applies
over extended periods of time (e.g., years). Only one cdibration verification needs to be performed
after indrument cdibration per geometry. Instrument stability, and thus calibration stability, is monitored
by counter control standards (the equivadent of a continuing calibration verification, see Section 6.3.3).

The concept of cdibration verification is accomplished in radiochemigtry by using one of four methods.
independent standards, use of independent measurements, multiple calibration curves, or data analysis.
Examples of these concepts are provided below.

Use of independent standard

An independent standard (see Section 4.4) is prepared in the same geometry as the calibration

sandard. Standards prepared from a separate ot from the cdibration standard are acceptable. The
measured activity from the cdibration verification sandard shdl fadl within acceptable tolerance limits (as
defined in the governing standard operating procedure).

Use of independent measur ement

The cdibration standard is measured on an independently calibrated detector for confirmation of the

isotope activity(ies). Thiswill confirm the standard was prepared correctly and will provide an accurate
basis for the cdlibration.
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Multiple calibration curves

Multiple cdibration curves are often generated during instrument caibration(s) from multiple sandard
preparations (e.g., attenuation curves for multiple detectors, efficiency curves for multiple geometries).
The data for these cdibrations shdl be evauated for consstency.

Data analysis

Multiple radioisotopes are used to cdlibrate gamma spectrometers. The cdlibration curve generated
shdl be evduated for smoothness of fit of the gamma energy to the counting efficiency. Gamma
cdibration curves shal be linear a higher energies (varies by detector and matrix) when plotted on a

log-log scde.

6.3.3 Counter Control Standard (Continuing Calibration Verification)

In radiochemistry the counter control standard is used to monitor instrument stability over time.
Acceptable performance demonstrates the continued accuracy of the cdibration, indicating that the
measurement system is il in control. The counter control standard may be prepared from any reliable
source. Acceptable performance is demonstrated when the concentrationg/activities measured fall
within established control limits. See Tables 4-1 through 4-4 for counter control standard frequency
and criteria

Each anaytica (counting) sequence shdl be followed by an acceptable counter control during the next
andytica sequence. Fallure judtifies corrective action and gppliesto dl samplesrun since the last
acceptable check. If no additional standard or spike information is present at the end of the preceding
run, al data generated since the last acceptable counter control standard or QC sample shdl be
considered suspect and investigated.

The counter control standard verification should be performed very soon after the calibration is
conducted. If prepared a alater date, it should be checked directly againgt the initial cdibration
standard to ensure consistency with time (thisis especialy important for a source which undergoes
ggnificant decay over its useful life).

The counter control standard should provide adequate counting statistics over the time period for which
the source isto be counted. However, the source shall not be so radioactive asto cause 1) pulse
pileups, 2) dead time that is sgnificantly different from that to be expected from routine samples, or

3) gan shift in the case of pulse height andyzer sysems.

6.3.4 Backgrounds
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Radiochemicd measurements typicdly include a background count. Background counts are a measure
of system and/or environmenta contributions and a fundamental aspect of the minimum detectable
activity determination. Background count collection frequencies are listed in Tables 4- 1 through 4-4.
Background counts are normally subtracted from al subsequent sample counts and shall be recorded.

6.4 INORGANIC PREPARATIVE TECHNIQUES

Preparative techniques are those operations used to prepare a sample for andyss. Examplesindude:
digegtion, dissolution, extraction, phase partitioning, and/or leaching of a sample materia. Separation
and/or isolation techniques are also considered preparative if performed before anaydis, to facilitate
reliable andyte measurement. Simple dilution is not considered a sample preparation technique.
Sdlection of preparative techniques should be based on client data quality requirements. Seethe
discussion below and Table 6-2 for frequency requirements used during preparation.

6.4.1 Preparation Batch

A preparation batch is agroup of samples, of Smilar matrix type, prepared at the sametime. A batch
shall not exceed 20 client samples. More than 20 samples can be prepared at the sametime, if the
required number of QC samples are performed for each batch. If clients do not specify project- specific
QC, thelaboratory may combine up to 20 samples of smilar matrix type for preparation with only one
duplicate (or matrix spike duplicate) and matrix spike required. In the case of process testing or unique
client requirements, QC dements such as a sample duplicate (or matrix spike duplicate) and matrix
spike may be performed for every 20 client- pecific samples received. However, the preparation blank
and |aboratory control sample/blank spike requirement would apply to each batch of samples.

A sample or series of samples which do not require preparation or separation prior to analysis would
not fal under the requirementsin this section. Additiondly, limited sample quantity may limit the
laboratory's ability to meet the duplicate and matrix spike requirements. In such cases, dternative
approaches should be considered to demonstrate sample precison and accuracy. Unigue client
requirements shal be documented and agreed upon by the laboratory and the client before work begins.

6.4.2 Preparation Blank (Method Blank)

The sample preparation blank (method blank) is used to monitor contamination resulting from the
sample preparation process. The preparation blank is generaly didtilled or deionized water, which is
subjected to the same processing as the samples, including dl reagent additions. The laboratory is aso
free to use amatrix more closdy related to the actua samples processed provided the matrix is free of
contamination from analytes of interest (e.g., clean soil or sand for solid matrices). Interferences and/or
unique ancillary contaminants produced by the blank matrix would be expected to be smilar to that of
the sample.
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The preparation blank volume or weight shall be approximatdly equa to the sample weight or volume
being processed and shall be presented in the same context as the samples. Preparation or method
blanks shdl be prepared with each batch of samples processed at the same time.

Preparation or method blank acceptability shal be demondrated asfollows. 1) the blank shal be less
than the EQL of the associated samples, or, if the blank is equa to or above the EQL, 2) it shall not
exceed 5% of the measured concentration present in the associated samples, or, when a decision level
is specified, 3) the blank shall not exceed 5% of the decision level unless 2) above applies. Note: The
laboratory must be capable of achieving an EQL less than or equa to 5% of the Decison Leve or must
negotiate an acceptable dternative. All affected samplesin the preparation batch will be re-prepared
and re-andyzed if the preparation blank (method blank) fails to meet the acceptance criteria

All affected samplesin the preparation batch will be re-prepared and re-andyzed if the preparation
blank fails to meet one of the acceptance criteria unless client specific data quaity requiremernts dictate
otherwise. The client shal be natified prior to such actions when additiona costs will beincurred.

The results of the preparation blank anadysis and impacts on data shal be reported to the client as part
of routine reports. Preparation blank results are not subtracted from sample results unless client data
quality requirements specify otherwise in which case, the case narrative accompanying the results should
dtate that blank subtraction was used.
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Table 6-2. Preparative Requirements for Inorganic Quality Control.

Qudlity Control Frequency Criteria Corrective Action
Requirements
All I'norganic Techniques except pH
Preparation blank or 1 per batch <EQL, # 5% Investigate. Evauate use
method blank® regulatory decison | againg andyte leve present in
leve, or # 5% of sample and client DQR.
measured Reprepare and anayze for
concentration inthe | falled andytes.
sample
Blank Spike 1 per batch 80% to 120% or Invedtigate, Evaluate againgt
satigtical’ client DQRs, Reprepare, and
SOr- e | andyzefor faled andytes as
-- -- applicable.
Laboratory control 1 per batch Vendor or statistical®
sample
Duplicate 1 per batch #20% RPD when | Evduate. If |ab error,
result >EQL (10 reprepare and andyze. If
timesIDL) matrix driven, evauate againgt
DQRs, natify dient if ill
unacceptable and discussin
narrative.
Matrix spike 1 per batch Recommended 75% | Evduate. If [ab error,
to 125% or reprepare and analyze. If
Satistical matrix driven, evauate agangt
DQR, natify dlient if ill
unacceptable and discussin
narrative.
pH
Duplicate Every 10 samples | Not applicable Discussin narrative
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Notes:
®Shall be applied to origina preparation stage.

"Lab developed procedures shall either meet specifications or show statistica basis for
dternative criteria. Alternative criteriais acceptable if it meets client DQRs.

EQL = edimated quantitation limit
IDL = indrument detection limit
RPD = relative percent difference.
DOQR = data quality requirement
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6.4.3 Laboratory Control Sample or Blank Spike

A laboratory control sample (LCS) or blank spike (BS) is used to monitor the effectiveness of the
sample preparation process. The laboratory control sampleisamateria smilar in nature to the sample
being processed containing the andyte(s) of interest (e.g., tandard reference materid). A laboratory
control sample, if available, shall be prepared with each batch of samples processed at the sametime,
The blank spike is ditilled or deionized water or other suitable substrate spiked with the andytes(s) of
interest. A blank spike is normally used when an appropriate |aboratory control sampleis unavailable.

Blank spike control is demongtrated by target anaytes being within ether the preset limit of 80%-120%
or, within gatigticaly determined limitswhen the ™ 20% criteria cannot be reliably achieved.

Laboratory control sample acceptability is demonstrated by target anaytes being within established
control or tolerance limits. Control limits are either provided by the vendor or satistically determined by
multiple analyses over time. For the LCS, the vendor supplied precison may effect the tolerance limits
gpplied to the analyte.

The laboratory must ensure that each method used for a given scope of work is cgpable of meeting
client precison and accuracy requirements or the lab must negotiate dternative requirements.

All samplesin the preparation batch shal be re-prepared and andyzed for those andytes in which the
acceptance criteriafor the LCS or BS has not been met. In limited cases, results may be acceptable for
reporting provided the lab can demondtrate that the client DOQR was gtill achieved. The client shal be
notified prior to repreparation if additional costswill be incurred.

The laboratory control sample/blank spike results should be reported to the client. No adjustment of
client sample results based on L CS recovery is made in the laboratory report.

6.4.4 Matrix Spike

A matrix spike is a client sample that has been spiked with the analyte(s) of interest and processed in the
same manner as the sample. The matrix spike is used to monitor method performance in a specific
sample matrix. Matrix spike results are ameasure of the accuracy in the measurement of the andyte(s)
of interest present in the client sample matrix.

When the sample concentration is unknown, spiking istypicaly performed a alevd that is one of the
falowing: 1) equivaent to the regulatory threshold, 2) specified by method, or 3) 1 to 5 timesthe EQL.
Otherwise, the spiking should be performed & aleve equivaent to 1 to 2 timesthat of the sample.
When the concentration of the analyte in the origind sampleis greater than 0.1%, no matrix spikeis
required unless specified by client.
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For inorganic andysis, matrix spike control is demonstrated when target analytes are within established
contral limits. Control limits are established by one of the following: 1) regulatory requirement, 2) the
client via data quality requirements for a particular project or program, or 3) laboratory performance
over time. The recommended criteria for most inorganic andlysisis recovery within 75% to 125%.

If the matrix spike recovery fails to meet the criteria, the baich results shal be investigated for sources of
error. Re-preparation and/or re-anaysis should be conducted as necessary based on the DQO/DQR.
The god isto ensure that limitations on the data caused by the sample matrix and represented by matrix
pike performance, are adequately portrayed and discussed in the report to the client.

In those instances where the sample concentration significantly exceeds the amount of spike added in
the prepared samples, the data must be further evaluated to determine if the recovery of the spiked
sample is meaningful.

A matrix spike shdl be prepared with each batch of 20 samples and the results reported to the client
aong with the calculated recovery. No adjustment of the client sample results is made in the laboratory
report. Matrix spike performance shal be discussed in the report narrative.

In the case where a sample matrix cannot be spiked at the time of origind preparation, then a post
digestion spike shdl be performed (Section 6.5.9). The term "matrix spike" can only be used when the
sampleis spiked at origind preparation.

6.4.5 Laboratory Sample Duplicate or Matrix Spike Duplicate

Laboratory sample duplicates are two diquots of the same sample (intraaboratory split) thet are taken
through the entire sample preparation and anaytica process. Laboratory duplicates are used to assess
the precision of the preparation and analys's processin a client- specific matrix.

Matrix spike duplicates are two piked diquots of the same sample that are taken through the entire
sample preparation and anaytical process. In cases where the sampleis not expected to contain
reasonable concentrations (anayte concentrations gregater than ten times the instrument detection limit)
of the andytes of interest, duplicate sample results will not provide ardiable estimate of precison. In
these cases, matrix spike duplicates are used to demondtrate andytical precison in the client sample.

The degree of agreement between duplicates indicates reproducibility of the combined
preparation/separation, and measurement process (precision).

Disagreement can occur due to andyte concentration differences within the sample matrix (non
homogeneity) that are not amenable to analyst control during the andytica process (e.g. isolated
particles of lead in asoil matrix which cannot be rdiably sampled using standard laboratory sub-
sampling techniques). Disagreement may ariseif the method has poor applicability to the andyte/matrix
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system.

One st of laboratory duplicates (or MS/MSD) is required for each batch of samples. Precisionis
esimated by caculating the relative percent difference (RPD) of the duplicate analys's (see Section
7.2.2). Upon receipt of ingtructions from the client, additiona replicates can be performed. These
additiond samples will increase the likelihood of detecting non-uniformly distributed andytes in the client
sample. 1t will dso dlow for amore accurate estimate of the variagbility of the overdl andyticd
performance on client-specific samples/matrices. When more than two replicates are used, precision is
expressed in terms of relative standard deviation (Section 7.2.1).

Typicdly, inorganic andyses include a sample and a sample duplicate because a high probability exists
that the mgjority of those andyte(s) of interest will be detected in the sample. Inorganic duplicate RPD
criteriaisnormaly set a 20%; this criteriashdl only be gpplied to anayte concentrations greater than
10 times the instrument detection limit (or method detection limit).

In those cases where the criteria above are not met, evaluation of the source of error and impact on
client DQRs shdl be performed. When client DQRs can not be met the client shdl be notified; results
shdll either be accepted or new work scope (methodology) agreed upon.

Duplicate (or matrix spike duplicate) results shal be reported to the client dong with the caculated
RPD. Duplicate results shal be discussed in the report narrative.

6.5 INORGANIC ANALYTICAL TECHNIQUES

Anaytica techniques are those operations which permit the measurement of a parameter of interest.
Anaysisis the measurement of some property for which there is an instrument response that can be
related to the concentration or amount of the substance of interest in a sample or in some materia
prepared from the sample. Sdlection of andytical technique should be based upon dlient data quality
requirements. The QC requirements presented below are designed to verify and document proper
ingrument operation and to give the andyst information regarding the precision, accuracy, and sensitivity
of the analytical process,

6.5.1 Analytical Run or Sequence
An andytica run or sequence is defined as a group of samples analyzed together that may include one
or more preparation batches. Each analytica sequence has associated with it, a prescribed number and

type of quality control standards that are andlyzed in a prescribed order. The andyticd sequenceisan
important aspect of the analytica work performed because it dlows the andlyst and subsequent data
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reviewersto determine if there are trends in sample results or QC related to the order in which samples
were andyzed. Thismay alow the dimination of unnecessary re-andysis due to a QC failure (cross
contamination between samples) during an anaytical sequence. Therefore the order in which samples
are andyzed will be traceable to the andytica sequence.

The andyticd sequence typicdly starts with either cdibration or confirmation that the cdlibration is ill
vaid. See Table 6-3 for QC sample frequency requirements used during inorganic andyss.

For most inorganic andyses, the andytica sequence ends with a continuing calibration standard and
blank. More than one batch of samples can be andyzed in an andytical sequence aslong as continuing
cdibration control is maintained.

6.5.2 Initial Calibration Verification

Theinitid cdibration verification andytica sandard (ICV) is used to confirm the accuracy of the
cdibration and the standards used for calibration. Acceptable performance of the ICV demondtrates
that both the standards used and the instrument are functioning properly. Theinitid cdibration
verification is prepared from a source other than that used to prepare the calibration standards (see
Section 4.0).

Most inorganic techniques are subject to routine, frequent recalibration. The ICV is required whenever
the sysemisrecdibrated. Theinitid cdibration verification shdl be run following calibration and before
andyds of dient samples.

Acceptance criteriafor mgor inorganic instrument systems or analyses can be found in Table 6-3.
Fallure of theinitid calibration verification indicates indrument and/or standard problems that must be
evaluated and corrected before any client samples are processed for the analytes of interest.

6.5.3 Continuing Calibration Verification

The continuing cdlibration verification andyticd standard (CCV) is used to monitor instrument stability
over time. Acceptable performance demongtrates continued appropriateness of the calibration,
indicating that the sysem is till in control. The CCV may be prepared from any reliable source and
need not be nationdly or internationdly tracegble. Theinitid cdibration verification sandard may dso
be used asthe CCV.

Each inorganic analyticd system shdl include periodic checks on the stability of the instrument
cdibration. The CCV acceptance criteriaand frequency is discussed in Table 6-3. Failure indicates
that the andytica system has drifted out of control and requires corrective action for the anaytes of
interest. All samples andyzed &fter the last acceptable continuing cdibration verification shdl be
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reanalyzed. Reandysis appliesto specific andytefalure. In limited cases, isolated andyte failures may
be tolerated if sample results still meet the client data qudity requirements. Reporting resultsin such
cases requires judtification in the report to the client.

6.5.4 Initial and Continuing Calibration Blanks

Initial and continuing caibration blanks monitor effects such as contamination and instrument response
drift during routine. The initid/continuing cdibration blank is a reagent blank, prepared smilarly to the
standards but not subjected to preliminary sample preparation except for techniques in which the
preparation is an integral part of the analysis. In these cases, the preparation blank or method blank can
be conddered the equivaent of theinitid calibration blank or continuing cdibration blank. The generdly
accepted criteriafor these blanksisthat they are below the EQL for each andyte of interest. When an
andyte exceeds this criteria, anadlyss shal be investigated for potential impact. Samples with concentra-
tions or activities or activities exceeding the blank contamination level by a factor of 20 or more can be
reported unless client requirements dictate otherwise. In al other cases, dl samples analyzed since the
last acceptable initid cdibration blank or continuing cdibration blank shall be anayzed for the specific
andytefailure

For inorganic compounds, each initid cdibration verification shdl be followed by an initid cdibration
blank and each subsequent continuing cdlibration verification shal be followed by a continuing
cdibration blank. This protocol indicates potentia carry-over effects (carry over of resdud materia
from one sample to the next in the sequence).

6.5.5 Internal Standards

Aninternd slandard is an andyte that is smilar to the anayte(s) of interest in terms of itsandyticad
response, but which is not normally expected to be found in the sample. Internd standards are added
to every standard, blank, matrix spike, matrix spike duplicate and sample before andysis. Internd
standards are used as the bagis for quantitation of the target anaytes of interest.

Internal standards are routinely used in inductively coupled plasma spectrometry/mass spectrometry
(ICPIMS) andysis dthough they may be appropriate to other types of andyss. Sdlecting appropriate
internd standards shdl be method and andyte list specific because dl results are normalized based on
interna standard performance. Laboratory procedures shall specify interna standards used and
associated acceptance criteria.

6.5.6 Low-Leve Standard
The low-level standard is used to monitor instrument performance in the region at or near the EQL and
is routinely gpplied to inorganic systems to monitor sengitivity in the EQL region.
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For inductively coupled plasma spectrometry (ICP) systems, the low-level standard should be prepared
a approximately two timesthe EQL. The mgority of other inorganic techniques employ alow-leve
standard that is at or near the EQL. See Table 6-3 for details. In those caseswhereit is used as part

of instrument calibration, a separate low-level standard is not required.

A recovery between 75% and 125% is recommended. If the low-level sandardsfailsto mest this
criterig, al client samples whose results are less than 10 times the EQL should be evauated for impact,

and any limitations noted in the report narrative.
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Table 6-3. Anaytica Reguirements for Inorganic Quality Contral.
Quadlity Control Frequency Criteria Corrective Action
Requirements

Inductively Coupled Plasma Spectrometry

(ICP) and FHlame Atomic Absorption

Initid cdibration Immediatdy after cdibration
verification (ICV) (typicdly mid-point region)

90% to 110%

Investigate fallure for
andytes of interest.
Correct. Recdibrate for
andytes of interest.

Continuing cdibration | Every 10 samples and at the | 90% to 110% Investigate failure for
verification (CCV) end of therun andytes of interest.
Correct. Recalibrate for
andytes of interest.
Initid cdibration blank | After ICV <EQL Investigate failure for
(ICB) andytes of interest.
Correct. Recalibrate for
andytes of interest.
Continuing cdibration | After each CCV <EQL Investigate failure for
blank (CCB) andytes of interest.
Correct. Recalibrate for
andytesof interest.
Low-level standard” At the beginning of an Recommended Investigate for analyst error.
anadysis (but not before ICV | 75% to 125% Discussin narrative.
and ICB)
Interference check After ICV and ICB and 80% to 120% Investigate failures.
standard® before last CCV and CCB Correct. Reandlyze.
Serid dilution 1 per batch of samples #10% difference | Investigate for source of
prepared when analyte >10 |error. Re-prepare/re-
times DL after analyze as necessary.
5 fold dilution Discuss performancein
narreive.
Post digestion spike When matrix spikefalsor | Recommended Investigate for source of
(PDS) when new or unusud matrix | 75% to 125% eror. Re-prepare/re-

is encountered

anayze as necessary.
Discuss performancein
narraive.

Inductively Coupled Plasma Spectrometry/Mass Spectrometry (ICPIMS)
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Quality Control Frequency Criteria Corrective Action
Requirements
Initid caibration Immediately after cdibration| 90% to 110% Investigate failure for
Verification (ICV) (typicaly mid-point region) anaytes of interedt.
Correct. Recalibrate for
analytes of intered.
Continuing cdibration | Every 10 samplesand a the| 90% to 110% Investigate failure for
verificaion (CCV) end of therun andytes of interedt.
Correct. Recalibrate for
andytes of interest.
Initid cdibration blank After ICV <EQL Invedtigate falure for
(1CB) anaytes of intered.
Correct. Recdlibrate for
analytes of intereg.
Continuing cdlibration After each CCV <EQL Investigate failure for
blank (CCB) andytes of interedt.
Correct. Recdlibrate for
andytes of interest.
Interference check After ICV and ICB and Monitor for Investigate.
standard every 12 hours interferences Correct/Reanayze/Hag.
Sarid dilution 1 per batch of samples | # 10% difference |Investigate for anady<t error.
prepared or when interna when andyte Discuss performancein
dandard criteriafalure > 100 times DL narrative.
occurs
Post spike When MSfalsorwhennew| 75%t0125% |Invedtigate for anayst error.
or unusud matrix is Discuss performancein
encountered narraive.
Internd standard Every sample, QC sample, | 30% to 120% Perform serid dilution.
blank, and standard Evaluate. Correct/Report.
Mercury (eg., Cold Vapor Atomic Absorption-Manual and Automated)
Initid caibration Immediately after cdibration | 80% to 120% Investigate. Correct.
verification (ICV) Reandyze.
Initid cdibration blank | After ICV <EQL Investigate. Correct.
(ICB) Reandyze.
Continuing cdibration | Every 10 samples 80% to 120% Investigate. Correct.
verification (CCV) Reanalyze and reprepare
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Quality Control Frequency Criteria Corrective Action
Requirements
previous 10 samples.
Continuing cdibration | After each CCV <EQL Investigate. Correct.
blank (CCB) Reanalyze and reprepare
previous 10 samples.
Low-leve standard After ICV and ICB Recommended Investigate for analyst error.
(LLS) 75% to 125% Discussin narrative.
Cyanide (All Techniques)
Initial cdibration Immediately after caibration |85% to 115% Investigate. Correct.
verification (ICV) Reandyze.
Initid cdibration blank | After ICV <EQL Investigate. Correct.
(1CB) Reandyze.
Continuing cdibration | Every 10 samples 85% to 115% Investigate. Reandyze
verification (CCV) previous 10 samples.
Continuing cdibration | After CCV <EQL Investigate. Reanadyze
blank (CCB) previous 10 samples.
Cyanide (All Techniques) (Cont'd)
Low-level standard After ICV and ICB Recommended, Investigate for andyst error.
(LLS) 75% to 125% Discussin narrative.

Graphite Furnace Atomic Absorption

Initid cdibration Immediately after cdibration | 90% to 110% Investigate. Correct.

veificaion (ICV) Recdibrate.

Continuing cdibretion | Every 10 samples and at the |90% to 110% Investigate failures.

verification end of therun Correct. Recdibrate

(Ccv) and/or reanalyze previous
10 samples.

Initid cdibration blank | After ICV <EQL Invedtigate failures.

(1CB) Correct. Recdibrate
and/or reanalyze previous
10 samples.

Continuing cdlibration | After each CCV <EQL Invedtigate failures.

blank (CCB)

Correct. Recdibrate
and/or reanalyze previous
10 samples.
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Quality Control Frequency Criteria Corrective Action
Requirements
Low-level standard After ICV and ICB Recommended Investigate for andyst error.
75% to 125% Discussin narétive.
Graphite Furnace Atomic Absorption (Cont'd)
Andyticd spike Each sample, preparation 85%1t0115% |OnPBorBSor LCS
blank (PB), method blank corrective action required.
(MB), blank spike (BS), or Sample results <EQL do not
laboratory control sample require corrective action
(LCS) and duplicate unless recovery isbeow
40%. All ese perform either
method of standard additions
or dilution. Discussin
narrative.
lon Chromatography
Initid caibration Beginning of eech andytical [90% to 110% |Investigate. Correct.
verification (ICV) sequence Reandyze.
Initid cdibration blank | After ICV <EQL Investigate. Correct.
(ICB) Reandyze.
Continuing cdibration | Every 10 samples 90%to 110% |Investigate. Correct.
veification (CCV) Reanayze previous 10
samples.
Continuing cdibration | After CCV <EQL Investigate. Correct.
blank (CCB) Reanalyze previous 10
samples.
Low-level standard After ICV and ICB Recommended | Investigate for andyst error.
(LLS) 75%t0 125% |Discussin narrative.
Post digestion spike When matrix spike fails Recommended | Investigate for source of
(PDS) 75%t0 125% |eror. Re-prepare/re-andyze
asnecessary. Discussin
narraive.
pH
Continuing cdibration | After every 10 samples " 0.1 pH unit Rerun dl samples since last

veification (CCV)

valid CCV

lon Sdlective Electrode, Colorimetric, Titrimetric (e.g., Ammonia, Hexavaent Chromium, FHuoride)
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Initid calibration Immediately after cdibration |Based on long- Recdibrate
veificaion (ICV) for working curve technique, |term Satistical
prior to analysis of samples | performance
for dl other techniques.
Initid cdibration blank |After ICV <EQL Recdibrate
(ICB)

Continuing cdibration | After every 10 samplesfor |Based onlong-
verification (CCV) working curve technique, at  |term datistical

Rerun dl samples since last
vdid

the end of the run for dl performance

other techniques.
Continuing cdibration  |After each CCV <EQL Rerun dl samplessince last
blank (CCB) vdid
Notes:

*This standard equal's the estimated quantitation limit standard for flame atomic absorption.

°Not required for flame atomic absorption.

EQL
RPD

edimated quantitation limit
relative percent difference
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6.5.7 Interference Check Standards

Interference check standards are typically applied in ICP systems (e.g., ICP and ICPIMS). The
interference check normally consists of two standards. The first sandard contains known concertra:
tions of the mgor interfering eements that will provide an adequate test of interelement correction
factors. The second standard contains both the mgjor interferents and the mgority of other anaytes
tested. The mgor interferents are spiked into the standards at Significant concertrations that are
expected to produce an interference effect. All other analytes are spiked at relatively low levels. Data
from both standards, when corrected, should recover between 80% and 120% for dl andytes tested or
an interelement correction is consdered inadequate. The first stlandard, containing only the mgjor
interferents of concern, should produce no analyte concentration whose absolute value is in excess of
the EQL. Instruments capable of showing negative results do not require the second standard that
contains both interferents and additiona analytes tested.

6.5.8 Analytical Spike

An analytica spikeisaspike that is added to the sample just before andlysis (i.e., after preparation). It
differs from the matrix spike where the spike is added to the sample prior to sample preparation. The
andyticd spikeis used to gauge instrument and sample matrix performance during the measurement
process. Typicaly, avery smdl quantity of spike is added so no significant change occurs in sample
volume or matrix effects. The concentration spiked should equa 50% to 100% of the sample analyte
concentration or approximately two times the EQL if no andyteis expected or the concentration is
unknown.

Analytica spikes are required for graphite furnace atomic absorption analysis. They are dso used for
other andysis, such as uranium by laser fluorimetry, to help determine potentid interference effects. The
andyticd sikeis essentidly the same as a post digestion spike. However, because the andytical spike
is gpplied to dl samples whereas the post digestion spike (see Section 6.5.9) is applied exclusvely to
the matrix spike sample, different nomenclature is applied.

Recovery of the andytica spikeis determined by subtracting the spiked sample concentration from the
accompanying sample concentration and dividing the difference by the amount spiked (see Section
7.3.1). Recoveriesoutside of 85% to 115% warrant investigation and corrective action. Corrective
action may conss of dilution followed by reanalyss, the use of sandard additions (see Section 6.5.11),
or, in extreme cases, re-preparaion of the sample followed by reanayss.

6.5.9 Post Digestion Spike
For inorganic anaytes of interest, a post digestion spike (PDS) is a pike added to the sample after

preliminary preparation, usudly just before analyss. The PDS s used to indicate matrix-related
interferences on the anaytica system that may sill be present in the sample following digestion. The
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PDS is normadly used when amatrix spike failure occurs.
Thistechniqueistypicaly used for ICP andysis but is appropriate to other andyses aswell.

PDS performance can be used to identify problems caused by sample matrix effects during preparation
and/or measurement. In the case of unusua matrix effects only during the preparation step, the MS will
fail but the PDSwill pass. If both the MS and PDSfail, the failure is due to matrix effects in both the
preparation and measurement steps.

Acceptable recovery is generdly 75% to 125% for the PDS (see Section 7.3.1). If the post digestion
spike meets the acceptance criteriaindicating that M S failure occurred during the sample preparation
gep, dl client samples in the batch should be flagged in the |aboratory report and the sample
preparation problem pointed out in the case narrative. If the PDS fails to meet the acceptance criteria,
thisindicates afalure in both the sample preparation and measure steps caused by matrix problems. All
results of client samples in the batch should be flagged and the reasons discussed in the case narrative.

Re-andysis of the samples using different preparation and/or measurement procedures should be
consdered by the laboratory if dternative procedures are available, which in the judgement of qualified
chemists, offer areasonable solution to the problem(s). Prior to re-andysis, client concurrence must be
obtained because the procedura changes may violate mandated existing regulatory or project
requirements.

6.5.10 Serial Dilution

Serid dilution is used when new or unusud matrices are encountered as an indicator of potentiad matrix-
related interferences associated with andlyss. It issmply afive-fold dilution of asample (after dl
preparation steps are complete) followed by analyss. Serid dilution is only performed when a sufficient
number of target anayte concentrations exceed 50 timesthe IDL in the client sample. When sample
andyte concentration is less than 50 times the IDL., an anaytica spike should be performed.

The serid dilution is designed to indicate potentia problems such as high solids effects which can impact
sample uptake resulting in analyte measurement differences. In these cases, results would begin to vary
beyond the 10% criteria because of sample aspiration and the subsequent effect on analyte species
detected. The serid dilution does not replace a sample dilution necessary to maintain asamplein
optimum instrument performance range.

A percent difference between the original and diluted sample results of 10% or less indicates no
ggnificant matrix effects during the measurement process. The dient sample results in the batch which
doesn't meet the serid dilution acceptance criteria should be noted and the possible matrix effects
discussed in the case narrétive.

6.5.11 Method of Standard Additions
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The method of standard additions consists of ablank and at least three standards to which diquots of
the sample are added. The standards used should be approximately 50%, 100%, and 150% of the
expected sample concentration. The method of standard additions can be used in lieu of ingtrument
calibration because each sample essentidly has its own cdibration. However, the QC presented in
Section 6.4 is dill required (including "auto-zeroing” on the cdibration blank). The method of standard
additions is meant to compensate for a sample matrix effect that enhances or depresses analyte sgnds.

6.6 ORGANIC PREPARATIVE TECHNIQUES

Preparative techniques are those operations used to prepare asample for andyss. Examples of
preparative techniques include: digestion, dissolution, extraction, phase partitioning, and/or leaching of a
sample materid. Separation and/or isolation techniques are dso considered preparative if performed
before analyds, to facilitate reliable anayte measurement. Simple dilution is not conddered asample
preparation technique. Selection of preparative techniques should be based upon client data quaity
requirements. See Table 6-4 for frequency requirements used during preparation.

HASQARD considers the use of either Contract Laboratory Program protocols or associated SW-846
protocols to be acceptabl e because applicable SW-846 methods are based on early Contract
Laboratory Program statements of work (i.e., based on Contract Laboratory Program Statement of
Work, July 1985 revision).

6.6.1 Preparation Batch

A preparation batch is a group of samples, of smilar matrix type, prepared at the sametime. A baich
shall not exceed 20 client samples. More than 20 samples can be prepared at the same time, if the
required number of QC samples are performed for each batch. If clients do not specify project- specific
QC (which requires the laboratory to sdlect client samples for duplicates and matrix spikes), the
laboratory may combine up to 20 samples of smilar matrix type for preparation with only one matrix
spike duplicate (or duplicate) and matrix spike required. In the case of processtesting or unique client
requirements, QC eements such as a sample duplicate (or matrix spike duplicate) and matrix spike may
be performed for every 20 client-specific samples received. However, the preparation blank and
laboratory control sample or blank spike requirements are aways gpplied to each batch of samples.

A sample or series of samples which do not require preparation or separation prior to analysis would
not fal under the requirementsin this section. Additiondly, limited sample quantity may limit the
[aboratory's ability to meet the duplicate and matrix spike requirements. In such cases, dternative
approaches should be considered to demonstrate sample precision and accuracy. Unique client
requirements shal be documented and agreed upon by the laboratory and the client before work begins.
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Table 6-4. Preparative Requirements for Volatile, Semivolatile, and Gas Chromatography Quadlity

Control
Qudlity Control Frequency Criteria Corrective Action
Requirements
Method blank 1 per batch #EQL (see Investigate againgt samples
Section 6.6.2) and client DQRs. Correct.
Reprepare as required.
Blank spike 1 per batch Vendor/method/ Investigete, evauate againg
datistica (see Section | DQRs, Correct and
-Or- | 6.6.3) Reprepare/reandyze as
N B gpplicable.
LCS -
1 per batch Vendor/statistical (see
Section 6.6.3)
Matrix spike and 1 set per batch See Section 6.6.5 Evauate. If [ab error,
matrix spike duplicate reprepare and analyze. If
(Precison) matrix driven, evauate againg
DQRs, natify dient if ill
unacceptable, discussin
narraive.
Matrix spike and 1 set per batch See Section 6.6.4 Evduate. If [ab error,
matrix spike duplicate reprepare and anayze. If
(Accuracy) metrix driven, evauate againgt
DQRs, natify client if ill
unacceptable, discussin
narrative.
Surrogate Each sample, QC See Section 6.6.6 Evauate. If [ab error,
sample, and standard. reprepare and analyze. If
matrix driven, evauate againg
DQRs, natify client if ill
unacceptable, discussin
narraive.
Tota Carbon, Totd Inorganic Carbon, and Tota Organic Compound
Duplicate 1 per batch #20% RPD when Evduate. If [ab error,
>10timesIDL reprepare and analyze. If

matrix driven, evaluate againgt
DORs. natifv dient if ill
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unacceptable, discussin
narrative.
Matrix spike 1 per batch Recommended Evauate. If [ab error,
75% to 125% reprepare and andyze. If
metrix driven, evauate against
DQRs, natify dient if ill
unacceptable, discussin
narraive.
Blank spike 1 per batch 80% to 120% or Investigate, Evauate againgt
datistical DQRs, Correct, Reprepare
Or and analyze as gpplicable.
L aboratory control Vendor or statistical
sample
Method blank 1 per batch <EQL Investigate, Evauate against
DQRs, Correct, Reprepare
and andyze as gpplicable.
Notes:
EQL = edtimated quantitation limit
QC = qudity control
RPD = relative percent difference.
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6.6.2 Preparation Blank (Method Blank)

The sample preparation blank (method blank) is used to monitor contamination resulting from the
sample preparation process. The preparation blank is generdly digtilled or deionized water, which is
subjected to the same processing as the samples, including dl reagent additions. The laboratory isaso
free to use amatrix more closdly related to the actual samples processed provided the matrix is free of
contamination from anaytes of interest (e.g. clean soil or sand for solid matrices). Interferences and
ancillary contamination produced by the blank materia would be expected to be smilar to that of the
sample.

The preparation blank volume or weight shdl be approximately equa to the sample weight or volume
being processed and shall be presented in the same context as the samples. The blank should be
evauated for it contribution to the sample, based upon how the sample was prepared. A method blank
shall be prepared with each batch of samples processed at the same time.

Preparation or method blank acceptability shall be demongrated asfollows: 1) the blank shal beless
than the EQL of the associated samples, or, if the blank isequa to or above the EQL, 2) it shal not
exceed 5% of the measured concentration present in the associated samples, or, when adecison leve
is specified, 3) the blank shall not exceed 5% of the decision level unless 2) above applies. Note: The
laboratory must be capable of achieving an EQL less than or equa to 5% of the Decision Level or must
negotiate an acceptable dternative.

Asaspecid requirement, the concentration of the following andytes shal be less than five timesthe
EQL.

0 methylene chioride.

O acetone.

0 2-butanone.

0 phthalate esters.
All samplesin the preparation batch will be re-prepared and re-analyzed if the preparation blank
(method blank) fails to meet one of the acceptance criteriafor an anayte of interest unless client data
quality requirements dictete otherwise. The client shdl be notified prior to repreparation if additiona
costs will beincurred.
The results of the preparation blank analysis should be reported to the client as a part of routine reports.

Preparation blank results are not subtracted from sample results unless client data quality requirements
specify otherwise, in which case the narrative accompanying the results should state that blank
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subtraction was used.
Preparation blanks or method blanks shal be prepared with each batch of samples.
6.6.3 Laboratory Control Sample or Blank Spike

A laboratory control sample (LCS) or blank spike (BS) is used to monitor the effectiveness of the
sample preparation process. The laboratory control sampleisamateria smilar in nature to the sample
being processed containing the andyte(s) of interest (e.g., tandard reference materid). A laboratory
control sample, if available, shall be prepared with each batch of samples processed at the sametime.
The blank spike is ditilled or deionized water or other suitable substrate spiked with the anadytes(s) of
interest. A blank spike is normally used when an appropriate laboratory control sample is unavailable.
For organic preparations, the method blank, spiked with surrogates, can be used to meet the BS
requirement.

Blank spike control is demongtrated by target andytes being within either the preset limit of 80%-120%
or, within atidticaly determined limitswhen the " 20% criteria cannot be reliably achieved.

Laboratory control sample acceptability is demonstrated by target andytes being within established
control or tolerance limits. Control limits are either provided by the vendor or statisticaly determined by
multiple andyses over time. For the LCS, the vendor supplied precison may effect the tolerance limits
applied to the andyte.

All samplesin the preparation batch shal be re-prepared and anayzed for those andytes in which the
acceptance criteriafor the LCS or BS has not been met. In limited cases, results may be acceptable for
reporting provided the lab can demondirate that the client DOQR was il achieved. The client shal be
notified prior to repreparation if additiond costs will be incurred.

A laboratory control sample or BS shdl be prepared with each batch of samples and the results

reported to the client. No adjustment of client sample results based on LCS or BS recovery ismadein
the laboratory report.
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6.6.4 Matrix Spike

A matrix spike is a client sample that has been spiked with the analyte(s) of interest and processed in the
same manner as the sample. The matrix spike is used to monitor method performance in a specific
sample matrix. Matrix spike results are a measure of the bias (difference from true value) in the
measurement of the target andytes introduced by the client sample matrix.

When the sample concentration is unknown, spiking istypicdly performed at alevel that is one of the
falowing: 1) equivaent to the regulatory threshold, 2) specified by method, or 3) 1 to 5 timesthe EQL.
Otherwise, the spiking should be performed at alevel equivadent to 1 to 2 timesthat of the sample.
When the concentration of the andlyte in the origind sampleis greater than 0.1%, no matrix spikeis
required.

For organic andys's, matrix spike control is demonsirated when target analytes are within established
control limits. The contral limitsidentified "USEPA Methods for Evaluating Solid Waste,
Physica/Chemica Methods' (SW-846) or the current Contract Laboratory Program statement of work
are acceptable. The sdection of limits are based on which method (SW-846 or Contract L aboratory
Program) the laboratory uses. Control limits are established by one of the following: 1) regulatory
requirement, 2) the client via data quality requirements for a particular project or program, or 3)
laboratory performance over time. For compounds of interest or matrices not covered by SW-846 or
the Contract Laboratory Program, the |aboratory shall establish spike compounds, spike levels, and
acceptable recovery criteria according to Volume 1, Section 4.0.

If the matrix spike recovery failsto meet criteria, the batch shal be investigated for sources of error.
Re-preparation and/or re-anaysis should be conducted as necessary based on the DQO/DQR. The
godl isto ensure that limitations on the data caused by the sample matrix and represented by matrix
spike performance, are adequately portrayed and discussed in the report to the client.

In those ingstances where the sample concentration sgnificantly exceeds the amount of spike added in
the prepared samples, the data must be further evaluated to determine if the recovery of the spiked
sample is meaningful.

A matrix spike shdl be prepared with each batch of 20 samples and the results reported to the client
aong with the calculated recovery (see Section 7.3.1). No adjustment of the client sample resultsis
made in the [aboratory report.

6.6.5 Laboratory Sample Duplicate or Matrix Spike Duplicate

Laboratory sample duplicates are two adiquots of the same sample (intraaboratory split) thet are taken
through the entire sample preparation and andytical process. Laboratory duplicates are used to assess
the precision of the preparation and analys's process in a client- specific matrix. Agreement between
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duplicates indicates the reproducibility of the combined preparation,separation, and measurement
process (precision).

Matrix spike duplicates are two spiked diquots of the same sample that are taken through the entire
sample preparation and anaytica process. In cases where the sample is not expected to contain
reasonable concentrations of the anaytes of interest, duplicate sample results will not provide areliable
estimate of precison. In these cases, matrix spike duplicates are used to demondtrate andytical
precison in the client sanple.

The degree of agreement between duplicates indicates reproducibility of the combined preparation/
Separation, and measurement process (precision).

Disagreement can occur due to andyte concentration differences within the sample matrix (non
homogeneity) that are not amenable to analyst control during the andytica process. Disagreement may
ariesif the method has poor gpplicability to the andyte/matrix tested. Typicaly, organic andyses
include a matrix spike and matrix spike duplicate because alow probability exigs that the mgority of
those andytes of interest will be detected in the sample.

Organic duplicate RPD criteriavary widdy according to analyte and method. They are very
method/matrix dependent. Acceptance criteria are established by one of three procedures: 1) specified
by regulatory requirement, 2) specified by the client viathe DQO process for a particular project, 3)
laboratory performance over time for samples with smilar matrices and concentration ranges.

One st of matrix spike/matrix spike duplicatesis required for each batch of samples. Precisonis
caculated using the RPD (Section 7.2.2). Additiona replicates may be performed if requested by the
client. These additionad sampleswill increase the likelihood of detecting non-uniformly digtributed
andytesin the dlient sample. 1t will dso dlow for amore accurate estimate of the variability of the
overdl andytica performance on dient-specific sample matrices. When more than two replicates are
used, precisonis expressed in terms of the relative standard deviation (Section 7.2.1)

The results of duplicate (or matrix spike duplicate) analyses are reported to the client aong with the
caculated RPD for each andyte.

6.6.6 Surrogates

A surrogate is acompound or analyte that is added to dl samples (both client samples and QC
samples) prior to preparaion. The surrogate is typicaly smilar in chemica compaostion to the
compound or anadyte being determined, yet not normally encountered in most samples. Surrogates are
expected to respond to the preparation and measurement systems in amanner smilar to the anaytes of
interest.
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Criteriafor sdection and recovery of surrogates is generdly specific to the method and compounds
being detected. Each method that uses surrogates shal specify instructions for surrogate introduction
and use. For organic andysis, surrogate control is demonstrated when they are within established
contral limits. Contral limits are established by one of thefallowing: 1) regulatory requirement, 2) the
client viadata qudity requirements for a particular project or program, or 3) laboratory performance
over time.

Surrogate recoveries are reported as measured (i.e., no sample recovery corrections are performed
based on surrogate recovery). Because surrogates are added to dl standards, samples, and QC, they
are aussful tool in evauating overal method performance in agiven mairix. If surrogate recovery fails
to meet criteria, the sample results shal be investigated for sources of error. Re-preparation and/or re-
analysis should be conducted as necessary based on the DQO/DQR. The god isto ensure that
limitations on the data caused by the sample matrix and represented by surrogate performance, are
adequately portrayed and discussed in the report to the client.

6.7 ORGANIC ANALYTICAL TECHNIQUES

Analytica techniques are considered those operations which permit the measurement of a parameter of
interest. Andysis could be considered measurement of some property for which thereis an instrument
response that can be related to the concentration or amount of the substance of interest in asampleor in
some materia prepared from the sample. The QC requirements presented below are designed to verify
and document proper instrument operation and to give the analyst information regarding the precison,
accuracy, and sengtivity of the andyticd process. Sdection of andytica technique should be based
upon client data quality requirements. HASQARD consders the use of either Contract Laboratory
Program protocols and associated SW-846 protocols to be acceptable because applicable SW-846
methods are based on early Contract Laboratory Program statements of work (i.e., based on Contract
Laboratory Program Statement of Work July 1985 revision).
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6.7.1 Analytical Sequence (Run)

An andytica run or sequence is defined as a group of samples andyzed together that may include one
or more preparation batches. Each analytica sequence has associated with it, a prescribed number and
type of quaity control stlandards that are andyzed in a prescribed order. The andytical sequenceis an
important aspect of the analytica work performed because it dlows the analyst and subsequent data
reviewers to determine if there are trends in sample results or QC related to the order in which samples
were andyzed. Thismay alow the dimination of unnecessary re-andysis due to a QC failure (cross
contamination between samples) during an andytical sequence. Therefore the order in which samples
are analyzed will be traceable to the anaytica sequence.

The andyticd sequence typicaly sarts with ether cdibration or calibration verification to confirm the
cdibraion is ill vaid. See Tables 6-5 through 6-8 for QC sample frequency requirements used during
organic andyss. The run ends based on andytica clock expiration for organic anayses by GC/MS.
For the gas chromatography and carbon analys's, the run ends based upon continuing calibration
performance.

6.7.2 Initial Calibration Verification

Theinitid cdibration verification is a standard used to confirm the acceptability of the cadibration and the
standards used to prepare the cdibration. Acceptable performance of the initid caibration verification
demondtrates that both the standards used and the instrument are functioning properly. Theinitid
cdibration verification is prepared from a source other than that used to prepare the cdibration
standards (see Section 4.0).

Anaytica measurement systems for which calibration applies over an extended period of time (i.e.,
months for some GC/M S methods) normdly use theinitid calibration verification only at the time of
cdibration. Subsequent, routine performance checks are made using the equivaent of acontinuing
cdibration verification (see Section 6.6.3).

Anaytica measurement systemsthat are cdibrated frequently and for which calibration sandards are
routinely prepared normally follow cdibration with aninitid cdibration verification.

Acceptance criteriafor mgor instrument systems or analyses can be found in Tables 6-5 through 6-8.

Fallure of theinitid calibration verification indicates insrument and/or standard problems that shall be
evaluated and corrected before any samples are processed for the anaytes of interest.
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Table 6-5. Anaytica Requirementsfor Volatile Quality Control (Gas Chromatography/Mass

Spectrometry).
Qudity Control Frequency Criteria Corrective Action
Requirements
Tune Onceonal2-hour | SeeSection4.0 Investigate. Correct.
clock
Continuing cdlibration | Onceon a12-hour | See Sections4.0 and | Investigate. Correct.
check clock 6.7.3 Reandyze.
Interna standard Each sample, qudity | See Section 6.7.5 Reanalyze or reprepare as
control sample, blank, appropriate.
and standard
Qudlitative Each sample Compareto spectra | Report any unusud
identification generated and circumgtances in narrive.
retention times
Quantitation Each sample. See Cdculate off Report any unusud
aso Section4.0for | continuing calibration | circumstancesin narrative.
surrogate and internal
standard.

Val. 4: 6-39




DOE/RL-96-68, HASQARD
Volume 4, Laboratory Technicad Requirements

Section 6.0, Rev. 2
Effective Date: 09/30/98

Table 6-6. Andytica Requirements for Semivolatile Qudity Control (Gas Chromatography/Mass

Spectrometry).
Qudity Control Frequency Criteria Corrective Action
Requirements

Tune Onceonal2-hour | SeeSection4.0 Investigate. Correct.
clock

Continuing cdlibration | Onceon a12-hour | See Sections4.0 and | Investigate. Correct.

check clock 6.7.3 Reandyze.

Interna standard Each sample, qudity | See Section 6.7.5 Investigate. Correct and
control sample, blank, reanalyze or reprepare.
and standard

Quditaive Each sample. Compareto spectra | Report any unusud

identification generated and circumgtancesin narrative.

retention times

Quantitation Each sample. Cdculate off Report any unusud
See dso Section 4.0 | continuing cdlibration | circumstancesin narrative.
for surrogate and
internal standard.

Table 6-7. Anaytica Requirements for Gas Chromatography
Qudity Control Freguency Criteria Corrective Action
Requirements
Continuing cdlibretion | Routindy during run As per method, Investigate.
verification according to method | evaluatefor retention | Correct.
time and area Reandyze.
response

Continuing cdlibration | Routindy, following Evauate for carryover | Investigate.

blank continuing cdibration | and contamination Correct.
veification according to Reandyze.
method
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Table 6-8. Analytica Requirementsfor Total Carbon, Tota Inorganic Carbon, and Total Organic
Compound Qudity Control

Oudity Control Frequency Criteria Corrective Action
Requirements
Continuing Every 15 samples 85% to 115% Rerun previous
cdibration 15 samples
verification
Continuing After each continuing cdlibration | <EQL Rerun previous
cdibration blank verification 15 samples
Notes:
EQL = edimated quantitation limit.
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6.7.3 Continuing Calibration Verification

The continuing calibration verification andyticd standard (CCV) is used to monitor instrument stability
over time. Acceptable performance demonstrates the continued accuracy of the cdibration. The CCV
may be prepared from any rdiable source. Theinitia cdibration verification QC sample may be used
asthe CCV sample.

The cdibration of organic anayticd GC/MS methodsis limited by andytica runtime. Eachrunis
defined by a 12-hour clock that cannot be exceeded. Each run starts with a continuing cdibration
verification (after tuning). The andyst shdl rely on internd standard and surrogate performance to
ensure that the sample run ended in control. Corrective action, such asreandysis of al samples
demongtrating unacceptable internal standard performance, shdl be taken.

Anaytica runsfor organic analysis such as GC typicaly can extend anywhere from severd hoursto
severd days. Continuing cdibration checks are required throughout the runs duration (e.g., approxi-
mately every 10 samples for SW-846, every 12 hours for Contract Laboratory Program). Tota
organic carbon, totd inorganic carbon, and total carbon measurements should aso include continuing
cdibration verification checks every 15 samples.

All samples andyzed dfter the last acceptable continuing calibration verification (see Tables 6-5 through
6-8) shdl be reandyzed. Reandysis gppliesto specific andyte falure.

6.7.4 Continuing Calibration Blank

Continuing calibration blanks (i.e., instrument blanks) monitor effects such as contamination and
ingrument response drift. The continuing cdibration blank is areagent blank prepared smilarly to the
standards but not subjected to preliminary sample preparation except for techniquesin which the
preparation is an integra part of the andysis (i.e. purge and trap procedures). In these cases, the
preparation blank or method blank can be consdered the equivaent of the initial cdibration blank or
continuing calibration blank. The generally accepted criteriafor reagent blanks is that they are below
the EQL for each andyte tested. When an andyte exceeds this criteria, the andysis shdl be investigated
for potentia impact. Samples with target anayte concentrations exceeding the blank contamination level
by afactor of 20 or more can be reported unless client requirements dictate otherwise. In dl other
cases, dl samples analyzed since the last acceptable initid cdibration blank or continuing caibration
blank shdl be reandyzed for the specific anayte failure.

Severd organic compounds are more readily introduced into blanks; see Section 6.6.2 for these specific
exceptions. In the case of organic anadysis by GC/MS, the blank istypicdly the equivaent of the
method blank. The method blank is run after the continuing calibration verification sandard. Periodic
cdibration blanks are not performed. In the case of organic analyss by gas chromatography and
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carbon andysis, periodic blanks are recommended following each continuing cdibration verification.

The continuing calibration blank problems should be corrected and the samples run after the last
successful continuing calibration blank should be re-andyzed.

6.7.5 Internal Standards

Aninternd gandard is an andyte thet is smilar to the anayte(s) of interest in chemica composition and
andytica response but which is not normaly expected to be found in the sample. Internd standards are
added to every standard, blank, matrix spike, matrix spike duplicate, and sample before andyss.
Internad standards are used as the basis for quantitation of the anaytes of interest.

Selecting gppropriate interna standards shal be method- and compound-list specific because dl results
are normalized based on internal standard performance. Laboratory procedures shall specify
acceptance criteria. See Volume 1, Section 4.0.

Internal standards are used in organic GC/MS andysis dthough they may be appropriate to other types
of andyss. Generdly, area counts faling <50% or >150% of origind area countsin the continuing
cdibration standard are considered unacceptable.

6.7.6 Low-Levd Standard

The low-level standard is used to monitor instrument performance in the region near the EQL. When
the low-level standard concentration is included in the instrument cdibration, a separate low-leve

standard is not required. Low-level standards are not required for total organic carbon, total inorganic
carbon, and total carbon.

6.8 PHYSICAL TESTING

Qudity control specifications for severa physical tests are provided in Table 6-9.
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Table 6-9. Physcd Testing Qudity Control (Differentia Scanning Caorimetry, Thermogravimetric
Andyss and Differentid Therma AnadyssThermogravimetric Andyss).

Ouadlity Control Frequency Criteria Corrective Action
Requirements

Continuing Each time the temperature Standard(s) whichis Investigate. Correct
cdibration ramp rate is changed within the range of and restart.
veification andyssand Recdibraeif
(performance thermogravimetric necessary.
check) andyss sandard
temperature (materid of known
characterigtics therma properties) shdl

conform to known

physica congtants.
Continuing Periodicaly, not toexceed | Check balance Investigate. Correct.
cdibration quarterly performance using Regtart. Recdibrateif
verification materia of known mass | necessary.
(performance or of known massloss as
check) afunction of temperature
mass'weight properties
characterigtics
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7.0 COMMON DATA QUALITY CALCULATIONS

This section provides various formulas that are typicaly employed to compute QC parameters that are
used to assess data quality. These quality control parameters should be monitored, evauated, and/or
trended on a short-term and long-term bases. For example, system contamination control (blank or
background activity), precision, accuracy, spike recovery, tracer or carrier yield recovery could be
evauated based on method, matrix, and activity or concentration level. Such activities provide abasis
for continuous quality improvement and insght on overdl laboratory performance.

7.1 PRECISION

Precison has been defined in Section 1.0. Sample precison is estimated by using duplicates, matrix
gpike duplicates or replicates. Samples used to calcul ate precision should contain concentrations of the
andytes of interest above the MDC or EQL. The precison of amethod in a given matrix is expressed
as the reative standard deviation (RSD) or the relative percent difference (RPD).

In addition to precison determined by the sample duplicate or matrix spike duplicate, precison for the
gandards (e.g. laboratory control sample, continuing calibration verification sandard) can be calculated
and used to monitor quaity control of the analytical measurement system over time. Precision of the
sample can dso be monitored for long-term quality control, but should be based on method, matrix, and
activity/concentration in the sample.

7.1.1 Relative Standard Deviation

The RSD is used when at least three replicate measurements are performed on a given technique. The
RSD is computed using the following eqution:

RSD = =*100
X
where
S = Standard deviation with n - 1 degrees of freedom
n = Totad number of observed values

Mean of observed vaues.

7.1.2 Relative Percent Difference
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The RPD is used when two measurements exist. The RPD is generally used to express the precision of
duplicate or spike duplicate samples. The RPD is computed using the following equation:

|X1‘X2|
X

RPD = *100

where

Observed values
Mean of observed vaues.

X1,2

7.2 ACCURACY
7.2.1 Method Accuracy Based on Sample Spike
Accuracy hes been defined in Section 1.0. Accuracy for the sample is expressed as the percent

recovery (%R) of amatrix spike (or matrix spike duplicate) sample. The percent recovery is calculated
basad on the following equation:

soRr=SR-R) 109
SA
where
SSR = Spiked sample result
SR = Sample reault
SA = Spike added

7.2.2 Method Accuracy Based on Standard

The accuracy of an anaytical method is expressed as the percent recovery of astandard (%R). The
percent recovery of astandard is caculated according to the following equation:

%R=Amx100

A
where
Am = Measured va ue of the standard anayte
Ax = Known vaue of the standard andyte.
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Method accuracy obtained from either a sample spike or from a standard can be used to monitor
quality control of the analytical measurement system over time. Sample accuracy should be tracked
based on the method, matrix, and activity/concentration when it is used for long-term qudity control
monitoring.

7.3 YIELD RECOVERY (Radiochemistry only)
Yidd percent recovery (%Y) of atracer or carrier in radiochemicd andysisis ameasure of the
effectiveness of separation methods for some radionuclides. 1t is expressed as the percent recovery and

is generdly used to correct the andyte recovery in the sample for radiochemical andysis. Yield percent
recovery is caculated according to the following equetion:

%Y =™ *100

Tk
where
Tm = Measured vaue of the tracer or carrier
Tk = Known value of the tracer or carrier.

Yield percent recovery should be evaluated per procedure to monitor the effectiveness of the
radionuclide separation. If tracer or carrier is not used on every sample, ahistoric yield percent
recovery should be used as the correction factor for the sample andyte.

74 MEASURES OF AGREEMENT
7.4.1 Percent Difference
The percent difference (%D) is often used to compare one reference point to another (e.g., average RF

frominitid caibration compared to RF from continuing cdibration listed in Section 7.1.2). The percent
difference is cdculated using the following equation:

0 ||_C|
A)D:f*loo

where

I = Observed vaue used as the reference point
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7.4.2 Bias

Bias (B) is often used to measure the deviation of a measured vaue from aknown vaue or accepted
reference value. Bias can be assessed by comparing a measured va ue to an accepted reference vaue
inasample of known concentration or by determining the recovery of a known amount of anayte of
interest spiked into asample. Thus, the bias caused by the matrix effects based on amatrix spikeis
caculated using the following equation:

B= (xs' Xu) -K
where
Xs = Messured vaue (e.g., spiked sample)
Xu = Miscdllaneous contribution (e.g., sample contribution)
K = Known value (e.g., true spiked vaue).

If no miscdlaneous contributions exist, X, would be zero.
7.4.3 Mean Difference

Mean difference may be used to compare two duplicate results and is generally used for radiochemical
andysis. The mean difference takes into account the uncertainty associated with each measurement.
The meen difference is compared based on atwo-sided z-test for aknown population (Sted and Torrie
1960) and is calculated using the following equation:

MD = | Ri-R2 |
V(& +a3)
where
Ry = Firg sample result
Rz = Second sample result
au = One sgmauncertainty of firg result
& = One sigma uncertainty of second resullt.

If the MD is greater than or equal to 1.96, a 95% confidence exists that the two results are not equal.

7.5 DETECTION LIMIT CONSIDERATIONS
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Detection limit determinations are performed to give the laboratory, and subsequently the data user,
information regarding the religbility of low-leve resultsreported. A variety of gpproaches may be used,
each of which portrays method sensitivity at low concentrations differently. This section describes
severd typica detection limit determinations. Each [aboratory shal document which gpproach it
employs and describe how the determination is applied (i.e., performed in sample matrix or performed
using low-level standards).

7.5.1 Inorganic and Organic Methods

7.5.1.1 Method Detection Limit. The MDL is defined as " the minimum concentration of a substance

that can be measured and reported with 99% confidence that the value is greater than zero™

(SW-846, conggtent with the requirements specified in 40 CFR 40 Appendix B to 40 CFR 136) and is

briefly described in the following text.

The concentration of the MDL for the analyte of concern can be estimated by using one of the following:
0 An indrument Sgnd-to-noise ratio within therange of 25t05

0 The region of the slandard curve where there is a Sgnificant change in sengitivity (i.e, a
break in the dope of the standard curve).

When determining the MDL, aminimum of three andyses are reguired in amatrix spiking with the
andyte of interest at a concentration three to five times the estimated MDL. Whenever possible, the
matrix should be the same as or very smilar to the sample matrix. All sample processing steps of the
andyticd method shdl be induded in thefind determination of the MDL.

Variance (S°) is determined from the replicate measurements, as shown:

1 2
Sz—m[g(Xi X)7]

where

With measurement of the variable X
Mean of obsarved variable X.

Xi

The MDL should be determined by the following equation:
MDL =t (r1.a=09* (9
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where

One-sided t-tatistical vaue appropriate for the number of samples used
to determine standard deviation

t (n1, a=.99)

S = Standard deviation obtained from the MDL replicate measurements.

Each laboratory shall document its approach when employing the MDL determination. The term MDL
shdl only be employed when al method steps (sample preparation through analysis) aretested. The
laboratory shdl aso document whether the determination was performed using dient samples or
dandards. Resultsfaling below the MDL should be reported as not detected.

7.5.1.2 Instrument Detection Limit. IDL isdetermined by spiking reagent water with each andyte
of concern. The following considerations gpply to the sdection of the IDL standard:

0 Concentration of the IDL standard should be &t least equd to or in the same
concentration range as the estimated IDL

0 Concentration of the IDL standard should be in the region of the standard curve where
there is Sgnificant change in sengtivity.

A minimum of seven diquots of the IDL standard are required to determinethe IDL. The IDL
dtandards are run through the anaytical processonly. TheIDL is caculated the same asthe MDL. In
cases such as some organic analysis and mercury and cyanide determinations, the IDL standard should
be subjected to preiminary extraction, digestion, and/or didtillation. Each laboratory shal document
whether the IDL includes the entire method (i.e., sample preparation through anayss) or only the
andytica process. Resultsfalling below the IDL should be reported as not detected.

7.5.1.3 Edtimated Quantitation Limit. The esimated quantitation limit (EQL) isthe lowest
concentration of an andyte that can be reliably achieved within specified limits of precison and accuracy
during routine laboratory operating conditions. The analyte concentration at the estimated quantitation
limit is determined using the following guidance: 1) 5to 10 X MDL or IDL, or 2) the lowest non-zero
gandard in the cdlibration curve.

Each laboratory shal document the approach used to determine the EQL. EQL s reported with client
data shl reflect al method dilution factors (i.e., dilution factors resulting from sample preparation).

Reaults faling between the IDL (or MDL) and the EQL should be reported with appropriate
qudification (e.g., flag, footnote).

7.5.2 Radiochemistry Methods
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7.5.2.1 Decision Level Count Rate. Thedecison leve count rate (DLR) is defined as a 95%
confidence limit for acritical decison level. Thisleve isused for making adecison asto whether a
sample emits radiation above the appropriate blank background level. The decision should be based
solely upon whether the net count rate observed for that sample exceedsthisDLR. The DLR is
cdculated as shown below:

DLR =1.65* | e+ Rs
To
where
Ro = Background count rate
Rs = Sample count rate
T = Sample count time
To = Background count time.

When counting a sample containing no anayte (radionuclide) of interest, Rs is assumed to be equd to
Ro. The DLR can be amplified as shown below:

DLR =1.65* (S) * +/2
where

S = Standard deviation of background (or appropriate blank) count rate for the
counting time (T).

For the purpose of interpreting whether an individua sample measurement is different from its
appropriate blank, it is recommended that the laboratory compare the net sample count rate with a
decison leve count rate calcuated using the sample specific "gppropriate” blank. The "gppropriate”
blank should include measurement interferences from impurities (e.g., devated compton continuum,
channel crosstak from higher energy dpha particles measured by liquid scintillation) that are not
typicaly known a priori or included in the nomind a priori DLR limit. This"tru€" decison leve for the
sampleisdifferent from the nomind a priori decison limit. For some measurement processes, the
determination of the "true" gppropriate blank for each sample may be impractica. However, every
effort should be taken to properly assess the parameters of the appropriate blank.

7.5.2.2 Minimum Detectable Activity. The minimum detectable activity (MDA) has been defined
asaleve of activity thet is practicaly achievable by ameasurement system. The sample MDA generdly
is applied as the mean (expected) activity of samples having a 5% probability of escaping detection and
5% probability of false detection. The MDA is caculated based on Currie's (1968) formulaand is
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amplified to the following two equations when the counting time in the sample isthe same asin the
background.

MDA :[(2'?71)+(2* DLR)] / K

or

MDA =[(%+ (4.65% )] / K

where
T = Sample count time
K = Detector cdibration factor (e.g., count rate/disintegration rate)
S = Standard deviation of background count rate for the counting time (T).
When Ty isnot equd to T, MDA is caculated as shown below.
5
\/(Rb * Tb)* a*‘ %+
MDA = 2.71+3.3 SHELY
X*b*T,*k
where
Ro = Background count rate
Th = Background count time
Tt = Sample count time
X = Counting efficiency
b = Abundance
k = conversion factor to convert to desired units.

The minimum detectable concentration (MDC) is defined as the mean concentration of samples having a
5% probability of escaping detection and 5% probability of false detection.

MDA

MDC=——F——
g* Y * decay

where
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Sample quantity (e.g., g or mL)
Chemicd yidd
Decay factor (correction for radioactive decay to reference date).

q
Y

decay

Software provided by vendors may have variations of the above formula. A vendor- provided software
or data reduction package is adequate for data caculation.

7.5.2.3 A Priori and A Posteriori Conceptsand Information. Decison level count rate, MDA,
and MDC are considered asa priori (before the measurement). The estimation of these quantities
requires pecification of nomina vaues of a number of parameters (e.g., background count rate, count
time, estimated interferences, chemical recoveries, decay times). The true gppropriate blank for a
measurement process includes estimates of the nomina levels of any interferences that may be present in
asample batch.In anumber of Stuations, regulatory limits or contract Specifications may require that the
measurement process meet or exceed cartain MDC limits for the sample batch of interest. Because
these determinations require that some preliminary measurements be made, one finds that the
assessment of a priori detection limit parameters for future measurements may require the knowledge of
a posteriori information concerning the nomina characteristics of the sample batch gained from
preliminary measurements.

The question of whether the sample contains net activity is best answered by comparing the measure-
ment result to the decision level or considering the confidence interva for the measurement result, not by
comparing the result to the estimated MDA or MDC.

7.5.3 Limit of Detection

In some cases, the limit of detectionisused. The limit of detection is defined as an analyte Sgnd that is
three times the stlandard deviation of its measurements above the corresponding well-characterized
blank response (Keith 1991).

The limit of detection represents a criterion for detection decison, i.e., deciding whether to classfy a
result as detected or not detected when the observed signd is close to that obtained for blank measure-
ments (i.e., smilar to background noise).

7.6 UNCERTAINTY

Uncertainty is expressed as the range of vauesin which the true value isestimated to lie. The
uncertainty estimate consists of two components, systemetic and random variability. Each contributing
source of uncertainty is expected to be distributed over itsrange. Each systematic component can be
edimated in terms of the measurement result for the contributing source of uncertainty. The andytica
systematic component can be estimated using standard or spike recovery. The random andytica
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component can be estimated from replicate measurements of asample. Thetota uncertainty is
caculated as the square root of the sum of the squares of random and systematic variahilities as shown
in the following equation. The component of uncertainty has to be expressed in the same unit
designation (e.g., concentration percentage).

Total uncertaint y = \/ (£)+ éq_ d?
j=1

where
S = Standard error
q = Number of systemetic uncertainty component
d = Systematic uncertainties.

Uncertainty is commonly used in the radiochemica analyses to express method and counting error. The
total random uncertainty is obtained by propagating the individua variance (s°) and is expressed as the
standard error based on multiple determinations of x. However, the typicd radiochemica methods used
are not sufficient to separate systematic and random uncertainties such that biases can be corrected.
Uncertainty will be measured, or uncertainty will be estimated if it cannot be measured.

7.7 CONTROL CHARTS

Control charts provide the andyst with early warning of impending problemsin a preparative or
andyticd method. Each laboratory shal document its policy regarding the use of control charts. The
laboratory’ s palicy shdl articulate the manner in which it will ded with satistica outliers. Blank
spikeflaboratory control sample performance for dl routine preparations shal be monitored via control
charts. Radiochemicd laboratories shdl aso monitor calibration verification standards (i.e., counter
control standard for radiochemigtry). In those cases where the andyticd techniqueinvolves alarge
number of andytes (e.g., ICP, GC/MS) the |aboratory may select a subset representative of the tota for
control charting. Additiond information on the gpplication, development, and use of control charts can
be found in the Ecology manud entitled, Procedural Manual for the Environmental Laboratory
Accreditation Program. Tabulation of performance gatistics can be used in lieu of a control chart.

Laboratories shal document and apply procedures for estimating uncertainty. The rigor associated with
the protocol will depend upon the relative contribution from each source of error. When alaboratory
implements an industry-recognized method which aready specifies the limits for mgor sources of
uncertainty then the laboratory would meet this requirement providing it reported results consstent with
the method. In such cases the major sources of uncertainty would still be provided to the client (eg., in
terms of sample precison and accuracy results).

Val. 4: 7-10



DOE/RL-96-68, HASQARD

Volume 4, Laboratory Technica Requirements

Section 7.0, Rev. 2
Effective Date: 09/30/98

This page intentiondly left blank.

Val. 4: 7-11




DOE/RL-96-68, HASQARD Section 8.0, Rev. 2
Volume 4, Laboratory Technica Requirements Effective Date: 09/30/98

8.0 DATA ASSESSMENT AND VALIDATION

This section describes the data requirements and specifications between the laboratory and the client,
alowing for successful data validation when required by aproject or program. This section explains
how data vdidation isintegrated into the overal data assessment and DQO planning process. It isnot
meant to provide users with route validation protocols, instead it provides guidance in the utilization of
the tools to build an effective validation and assessment protocol based upon the data quality
requirements for a specific client-directed work activity.

8.1 DATA ASSESSMENT PROCESS
Data quaity is assessed in two steps. Thefirgt step is data vaidation, traditionaly an independent
review of |aboratory and field data to assure that the procedures, protocols and client specific
requirements were correctly followed. The second step in the assessment processisagenerd data
quality assessment. Thisincludes areview to verify the following:

O Assumptions made during the planning process were accurate

0 Sampling and andyticd variability identified in the DQO planning process was met

O Data make sense

0 Suitability of the datafor making decisons.

In addition, the overd| data assessment determines the following:

0 Any anomaiesin the data were addressed and that further sampling and andysis were
performed to confirm or negate the anomaly

0 If corrective actions or a new assessment Strategy is required.
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8.2 PLANNING CONSIDERATIONS

A common problem isthat validation and assessment of data are planned "after the fact” or after the
data are collected. This sometimes results in the ddiverables from the sampling and |aboratory analyss
being insufficient (e.g., disorganized, inadequately documented) for complete assessment of the data.
The cost of vdidating poorly planned and insufficient data reports will increase the origind [aboratory
anadyss codsts.

The problem is compounded when methods other than the Contract Laboratory Program protocols are
specified. The Contract Laboratory Program methods have published vaidation criteria, while the other
methods do not. The QC differs between the various methods. For example, the most recent Contract
Laboratory Program GC/M S method for semivolatile organic compounds requires that all compounds
except five have minimum response factors, while the SW-846 methods use four compounds to verify
minimum response. This difference may be sgnificant in the find outcome of the vaidation process for
semivolatile organic compounds.

When non-Contract Laboratory Program methods are used, a qudified person shdl write avalidation
procedure(s). The validation procedure needs to be flexible enough to be adapted to include criteria
from the project data requirements. For example, the need to generate accurate data from a
background sampleis critical because many decisions shdl be based on the results from that data. If
one were using the SW-846 GC/M S methods, modifying the method and the data validation criteriato
ensure that dl compounds determined exhibit minimal response in caibration may be gppropriate. Once
validation procedures are prepared, the procedure shall be provided to the laboratory, such that they
know how the datawill be eva uated.

Planning assures that the validation and assessment criteria are reflected in the methods used to collect
and andyze the samples. Thiswill ensure that any data flags or qudifications are based on the QC and
not because of alack of ddiverables or inconsstency between vaidation requirements, ddliverables,
and methods.

Panning should also result in specification of methods, which are validation and assessment procedures
that reflect the requirements generated during the DQO planning process. The DQO planning process
generates the following: 1) the decision rules, 2) theleve of uncertainty that the decison maker iswilling
to accept, and 3) the decisonsthat shdl be made. Thelevd of uncertainty shdl dictate the amount of
false pogtives and/or false negatives thet the decison maker iswilling to accept. Thisinformation shall
be provided to the laboratory, validators, and data management staff before project initiation.

8.3 ASSESSMENT AND VALIDATION

The assessment and vaidation process should identify potentia false positives and false negatives.
Additiondly, the DQO planning process should detail the analytes and the action levels for each media
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The analytes and action levels drive the detection limits and, thus, the methods. The vaidation and
assessment should reflect these requirements.

During the planning phase, the laboratory should receive the following information:

O

O

O

O

Andyte(s) of interest

Any andyte(s) driving risk assessment or the overdl decision
Matrices to be sampled

Action or regulatory levels (thresholds)

Leve of uncertainty the decison makers will accept (e.g., fse postives, fase negatives,
and confidence level)

Precison and accuracy requirements

Sample locations and site history

Suspected or known contaminants, based on Site history or previous data
Number of samples for analys's by matrices and collection schedule
Budget and resources

Any method requirements specified by EPA or Ecology

Data ddiverables required including eectronic deliverables.

In response to the above information, the laboratory should provide the following information:

O

Anayte(s) measured by method, including method number or name and revison date
for each matrix

Detection limits (organic and inorganic) or estimated minimum detectable activities
(radiochemidry)

Accuracy and precison in the matrix or asmilar matrix in question

Copies of the laboratory procedures used
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0 QC samples required by the |aboratory, such as method blanks, matrix spikes, and
duplicates

0 Sample volume, preservation, and container requirements

O Format in which the datawill be presented, including dectronic and hard copy.
An agreement should be reached between the andlytica services provider and the client asto who shall
vdidate the data, what data shdl be vdidated, who shdl write the validation procedure, and how the
data shdl be sent to the vdidator. The laboratory and the client should agree on the data format and the
vaidation criteria before samples are collected.
Before beginning sample collection, the vaidator or the validator and the laboratory should document
the vaidation procedure. A qualified laboratory representative should review the validation procedure
to assure that the laboratory is cgpable of meeting the requirements specified. The following areas
should be assessed in the validation procedure:

0 Cdibration

0 Continuing cdlibration

O Method blanks, instrument blanks, and/or backgrounds

0 Duplicates

O Matrix spikes and/or tracer or carrier yields

0 Laboratory control samples

O Holding times

0 I dentification of andyte(s) of interest

0 Interferences

0 Quantitation criteria

O Instrument performance and counter efficiency

O Criteriafor vdidation of detection limits
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0 Criteriafor accuracy and precision assessment.

For organic compound analyses, the following areas should be addressed in addition to the previoudy
dated items:

O Surrogates (used to assess accuracy)
0 Tuning (used for GC/MS only)
0 Lower arealimits for minimum detection

0 Chromatograms showing manua integration of basdines and spectra (including
tentatively identified compounds)

0 Instrument carry-over between andytica runs.

Vdidation of ICP should include criteriafor evaluating interelement correction factors and how
interferences shall be vaidated.

Additionaly, an agreed-upon format to present any trends, in the laboratory or corrective actions taken,
that affect sample results should be presented with the data for vaidation.

84 DATA USABILITY

Remember, data are usable if they meet the intended end-use as specified in the DQO process.
However, many validation procedures do not address data use. Severa important facts need to be

understood about many validation and assessment procedures. These facts are as follows.

O Method deficiencies may be observed but may not result in data being qudified (flagged
as estimated or rejected).

0 Datamay be qudified and il be usable.
0 Many published validation procedures do not address al aspects of data review.
Examples of method deficiencies not qualified and the data being qudified but usable are presented.

8.4.1 Example 1 —Unqualified Method Deficiencies
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Aqueous samples are submitted for andlysis for semivolatile organic compounds by Contract
Laboratory Program protocol. Two surrogate recoveries in the associated method blank are above the
acceptance criteria. The laboratory neglects to re-extract and/or re-anayze the method blank. The
associated samples did not contain reportable levels of semivolatile organic compounds and all
surrogate recoveries in the samples are within the acceptable criteria. Although the andlysisis deficient
with respect to the requirements, the data are not qualified and are considered usable.

Samples are submitted for volatile organic compound analysis by 624, 8240, or Contract Laboratory
Program protocols. The laboratory inadvertently neglects to analyze a method blank. All other QC
requirements are met and target andytes are not detected in any of the samples. Although thisisa
method deficiency, the data are not qudified. The only intent of ablank isto demondrate that any
detected andytes in project samples are native to the sample and not introduced by the [aboratory.
When target andytes are not detected, no andytical basis exigts for a blank, provided al other QCs
mest criteria

8.4.2 Example 2 -- Data Qualified But Usable

A sample isandyzed for volatile organic compounds and one of the three surrogate recoveriesis 1%
below the acceptance criterion. Although the data are qudified, the magnitude of the quaification is
reaively inggnificant with respect to the many other variablesimpacting data quaity. Accordingly, the
datafor this sample, dthough qudlified, is usable.

A sgnificant number of agqueous samples are andyzed for semivolatile organic compounds by Contract
Laboratory Program. All of the samples and the associated field blanks and method blanks revedl
levels of phthalate estersat 10 to 15 F g/L; al other QCs were met. The reported phthalate ester
results in samples are qudified because of blank contamination. Although the results are qudified, the
andyssfor these phthdate estersis usable, provided it is stated that phthaates are not present in
samples at concentrations greater than 15 F g/L.

Once both the laboratory procedures and the validation criteria are in agreement and are agreed upon
and documented by the laboratory, the vaidator, and the client, the samples are submitted for andysis.
After andyss and submission of the data to the vaidator, the |aboratory should respond to reasonable
queries from the vaidator regarding the data. The queries and responses should be written.
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APPENDIX A

SUMMARY OF THE DATA QUALITY OBJECTIVE
PLANNING PROCESS

This gppendix summarizes the data quality objective (DQO) planning process. The DQO planning
processis aforma method between the laboratory and the client that defines the analytical requirements
based on the end-use of data. Participantsin the DQO planning process typicaly include projects
engineers, laboratory scientists, sampling and regulatory specidigts, arepresentative of the regulatory
community, and a DQO process specidist.
The DQO planning process empowers both clients (which are the data users) and the |aboratories
(which are the data suppliers) to take control of and resolve vexing issuesin astepwise fashion. The
process brings together the clients and the laboratories. Further, the process alows laboratories to be
active participants in solving the problems. During this process, the |aboratory and the client decide
what data shall be needed to make the decision, determine how the data shall be used, and decide the
quaity control required.
The process conssts of saven main steps.

1 Understand the context.

2. State the question(s).

3. Define the potentid answex(s).

4. Select the measure(s).

5. Set error tolerances.

6. Establish decison rule(s).

7. Optimize the design.

Table A-1 outlines the steps in the process, the information needed for the DQO planning process, and
the information that the laboratory should provide to support the planning process.

Table A-1. Data Needed and Provided by the Laboratory for the Data Quality Objective Planning
Process.
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Step Information Needed for the Information Provided by
DQO Planning Process Laboratory
Understand the context Situation or Site history N/A
Previous data
State the question(s) Issues and problems N/A
Any andytes reated to the problems
Define the potentid answer(s)  |Responses to each question N/A
Select the measure(s) Andyteligs Judtification for or against
certain andytes
Analytes of concern
Fate and transport
Andytes driving risk informetion
Measurement areas Difficulty of andyss
Boundaries and areas to sample Andytesthat serve as
indicators for other
Matrices condtituents
Action and reguletory levels
Set error tolerances Allowable difference between the Methods potentialy used
regulatory level and the actud vaue
Estimates of the detection

Needed leve of fase negative, fdse
positive, or confidence

Variability of the sample matrix

levels and variahility of the
methods

Egtablish decison rule(s) The measurement, error tolerance, and |N/A
decison information combined into
logicd statements or logic diagramsto
alow the decison criteriato be
established
Optimize the design Sample locations Methods used to measure
analytes
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Step Information Needed for the Information Provided by
DQO Planning Process Laboratory
Analytes to be measured
Method detection limits
Action leves
Precison and accuracy by
Number of samples by matrix method and andyte
Method requirements by regulation Quadlity control sample types
and frequency required, such
as method, field, equipment
blanks, matrix spikes, and
duplicates
Sample volume,
preservatives, and container
requirements
Notes:
DQO = data quality objective.
N/A = not applicable.
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APPENDIX B

U.S. ENVIRONMENTAL PROTECTION AGENCY, CONSENSUS,
AND U.S. DEPARTMENT OF ENERGY METHODS

1.1 U.S. ENVIRONMENTAL PROTECTION AGENCY (EPA)

"Test Methods for Evaluating Solid Waste, Physica/Chemicad Methods," SW-846, U.S. Environmenta
Protection Agency, Washington, D.C.

Contract Laboratory Program and Statement of Work.
For copies of these documents, contact your regional EPA office.

0 USEPA Methods for Chemical Analysis of Water and Wastes, PB84-128677
(EPA-600/4-79-020, March 83), U.S. Department of Commerce, Nationa Technical
Information Service, 5285 Port Roya Road, Springfidd, Virginia 22161.

0 40 CFR 136, Appendix A, "Methods for Organic Chemicd Andyss of Municipd and
Industrid Wastewater." U.S. Code of Federd Regulations.

0 Methods for the Determination of Organic Compounds in Drinking Water, PB89-
220461 (EPA-600/4-88/039, December 1988), U.S. Department of Commerce,

National Technicd Information Service, 5285 Port Royd Road, Springfield, Virginia
22161.

1.2 CONSENSUS

American Public Hedth Association, American Water Works Association, and Water Pollution Control
Federation, Sandard Methods for the Examination of Water and Wastewater (Standard Methods),
American Public Hedlth Association, 1015 15th NW, Washington, D.C. 20005

American Society for Testing Materids (ASTM) methods.
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1.3 U.S.DEPARTMENT OF ENERGY (DOE)

DOE Methods for Evaluating Environmental and Waste Management Samples (DOE
Compendium), DOE/EM-0089T, U.S. Department of Commerce, 5285 Port Roya Road, Springfield,

Virginia 22161.
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